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It is hoped that the attempt, which will be manliest in this pamphlet, 
to render the subject-matter of it, with its several tamificationB, inter- 
esting to the general render, will be viewed in the right light by the 
engineer, and man of science. It is desirable that every one, who has 
the opportunity, and however humble his pretensions may be, should 
study to make the subject of any writing, which may furnish occu- 
pation for the mind, and exercise for the mental faculties, as widely 
acceptable as possible ; and this, with much pleasure, it may be observed, 
has become a leading feature in many of the more recent scientific pub- 
lications. It may be also mentioned, that the invention, which is 
advocated in the following sheets, is of a nature which seems to suggest 
the propriety of its being introduced, if possible, to the pubhc, through 
the medium of such a style of writing, as may render it generally simple 
and easy in its perusal to such members of the community at large, as 
mav take up the pamphlet ; but still, so as not to detract from the 
interest, which philosophic and learned minds, and practical mechuii- 
cians, may feel in the question at issue. 

The writer of this pamjihlet is anxious also to avail himself of this, as 
being the earliest opportunity, to apologize for the length of it. But, when 
it is remembered, that a treatise on railways, or on the locomotive, or 
stationary engine, is not looked upon as having, within 500 or 600 
pages, reached an unreasonable extent, it is hoped, the length of the 
present pamphlet will not he objected to, as it comprises the clear 
explanation — if the writer is competent of this — of a re-adjustment of 
no small portion of a most extensive system. 
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There are two ways of writing a book j one is by patting a colourinf^ 
as it is termed, on the subject of it, and veiling or distracting attention 
from its least promising features ; the other is by meeting the question 
feirly and at once, in its most unfavourable aspect ; with the assurance 
that if this is successfully encountered, the question will gain strength 
from the investigation, in the exact ratio in which seeming obstacles in the 
way of its advantages, have been removed. I have preferred the latter 
mode. I do not wish to give others the trouble of pulling tliis pamphlet 
to pieces. This may often be done in the spirit of perfect honesty and 
to demonstrate the truth ; and, when so undertaken, the dissection of & 
publication — for it is no longer a mere pulling to pieces— is not the lew 
severe because the operation is performed with urbanity ; indeed, wliea 
strict and not unfriendly truth is the dissecting instnimeDt, and the mab- 
ject-matter is diseaned, the cut is frequently deepest. 

I have therefore met the question, which I haye set at iiffwr iaito 
several branches, in its least favourable development, ■ 
the subject under the light, which science and its a 
ciples throw upon it ; testing that review by acc^ited d 
made mistakes, notwithstanding the long and ittf Urn 
which I have bestowed upon this question 
is new, and the arrangement therefore of its ■ 
the proportioning throughout of its a 

undertaking ; but I do trust that iiiilliiin^tli iwaiiwlinirfiin' wWh 
considered, by any candid r 

At the same time let me not 
twenty years, a soap-maker b% p 
strictly a secret student of m^ 
tensions must be as hnmUeaaar-uniMnui. 
most available, and taeM i 
and it will not, I flaUo- mpdi, irt - 
that the terms of art «3I §&m m itv 
of science — nptdtlfy i 




jMDwer to de* oto any particular attention, will be as freely opeu to lue, w 
its language as familiar to my {leii, as if art and science had been the 
whole, or at least the main, occupation of my life. From any awkward- 
ness of manner or arrangement, I appeal to the suhject-m alter, and 
any imperfection in atjle of writing or diction, I appeal to the qaestkm 
at issue. If that question is worthy of attention, and is found toholdonl 
good promise of beneficial results, either to the community at large, toQit 
scientific world, or to Railway shareholders, the phraseology in whidiit 
is dressed, and the manner in which it is treated, will, I feel assured, by 
the general body of my readers, he esteemed far less worthy of their at- 
tention than the grounds on which it is presented to their notice, 
the probable soundness of the position it assumes, 

I have often found awaliened attention in the subject of stnentific 
works strangely interrupted, and the ideas or conclusions to which thg 
were drawing the mind of the reader, awkwardly checked, by leagthoud 
references to plates and drawings, with all their minutest detail, in the 
midst of the most interesting portions of such works. In the present itt- 
stance, to remedy tliis, as far as the case may admit of, I have separatsd 
much of this sort of description from the body of this pamphlet, 
have preferred attacliiug a sort of tabular reference or index to the 
drawing, at the end of the book. For the same reason, I have there 
been rather more explanatory on the general nature, and some of the 
various parts of the invention, than is usual in a "Description of the 
Drawing ;" so much so, I hope, as to have rendered it capable of 
furnishing, to many of my readers, a preliminary general idea of the 
principle here called into operation, and of its probable effects. StiD, 
I have been very desirous throughout the pamphlet, to avoid an extreme 
minuteness of description wherever all was manifest, both as regards the 
machinery and its action — instances of which, are sometimes met witli, 
that would be almost amusing, if time were no object whatever, and if 
attention could he ^ven, long after the understanding was satisfied. 
The references however are more numerous than I anticipated 
subject so simple ; but my first surprise at this was removed, when I 
considered what number of references would be requisite to describe 
whole machinery of a locomotive, and what greater number must be 
added, if, not a locomotive only, but also a large portion of the whole 
working system of railway were, according to its present arrangement 
and for the first time, to be brought before the public. 

Stdl, I may have occasionally treated some portions of the general 
subject of this treatise, in a manner that may ajipear lengthy to several 
ofmyreaders. My object has been (o render ihe m -beieitinwit 

all material, clear. At any expense of labour 
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The first and great objects of science — particularly of mecha- 
nical science — are, through physical acquisitions, to advance 
the general happiness of mankind. To add to the conveniences 
and economize the means of the human race, is generally tanta- 
mount to promoting material comfort, domestic happiness, 
and social enjoyment ; it is often, the same thing as to remove 
the pressure of contracted circumstances, to give buoyancy to 
the mind and to restore vigour to the human frame. Objects 
such as these, constitute the best claims of science on public 
support and general esteem. 

The grand achievement of late years, in mechanical science, 
has been the establishment of railways. These, with their 
wonderful machinery and general economy, engross no small 
share of the attention of the whole of the public, from its 
lowest members up to " Home Secretaries," both in Europe 
and America. Another quarter of the globe is likely soon to 
feel their influence; and railways must shortly become most 
interesting subjects of enquiry, as respects the prospects they 
may offer for the advantageous investment of capital — 
embracing necessarily the modes and opportunities for their 
construction and practical arrangement — in India, if not also in 
other parts of Asia. 

It would be trite then to say that railways are concerns -' 
national importance. No one disputes it; their results *■ 
negative such an assertion. Their share market cUl 
place in the public journals, by the side of the tt<scl 
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10 THK HYDRALLIC RAILWAY. 

places which were remote, are, through their agency, and for 
all practical purposes, no longer so ; and time which was lost, 
is now saved. A man may drop asleep in his travelling " easy 
chair," in a railway coach in the evening at Darlington o 
Lancaster, and wake, with the early dawn, in London. Corre- 
spondence, which was tardy and lagging, now flies from t 
end of the Empire to the other, at a speed, totally eclipsing 
that which government couriers, but a few years back, boasted 
when mounted on the fleetest horses. The community, in many of 
the comforts and necessaries of life, have equally experienced the 
beneficial eifects of the railway system, as the state of the 
meat, the poultry, the vegetable, and other markets in the 
larger towns sufficiently testify ; and the great manufacturing 
marts are benefited to an extent which, though closely observed 
by comparatively few, is too great for any but a political 
economist duly to calculate. The agriculturist also derives 
great advantage from the proximity of a railway, in the swift 
conveyance it offers him, for the produce of his farm to market. 

Railways therefore in their effects as at present developed, 
may, without the slightest exaggeration, be said to be wonder- 
fiil; and in the development of their future effects, they are 
already working a change in the whole framework of society, 
peaceable and without strife, which in a comparatively short 
space of time, is likely to exhibit to the world, consequences 
of a magnitude greater than those which have arisen from 
revolutionary convulsions, the march of victorious armies and 
the longest wars ; and in most respects of a character, very 
opposite to that of the results, which such epochs in history have 
afforded. Napoleon himself pointed to a road (the Simplon) 
as the most lasting and trustworthy monument of his glory : 
little did he imagine, that even his great work must sink into 
comparative insignificance before the labours of a few years' 
continuance, of English engineers — without considering the 
great railway works on the continent and in America — when 
supported in their stupendous undertakings by the countenance 
of the British public, and aided by the powerful lever of British 
capital. 

When these effects are borne in mind, and when it ia recollected 
that, where we travelled at the rate of ten" miles an hour — 
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which, tifteeii years since, was considered a maximum exertion^i 
we now glide over the country at a speed of twenty miles, or 
more ; and when it is remembered that places, which, as regards 
the public at lar^e, were considered bo remote as to be seldom 
or never visited, unless the emergency of the occasion rendered 
such an effort indispensable, are now " run down" to, in a £ew 
hours, asbeingmerely a morning's trip; and when also the trades- 
man recollects that he can now have his goods down in the coun- 
try in a few hours, which on the old system, required several days 
in transit ; it will not appear extraordinary that the wonder of the 
public at this great change, should for a time have so far absorbed 
its clear powers of reflection, an to render it nearly indifferent 
to the question as to whether its first expectations of the 
benefits to accrue from this extraordinary feature of our times, 
had been altogether realized; and whether improvements, every 
way advantageous, could not yet be introduced into the system 
of locomotion. But it appears the period is arrived when 
enquiry is beginning to resume its wonted energy; and questions 
are now exchanged every day among the community at large 
and in the public prints, indicative of doubt whether the loco- 
motive system has at once started into existence in a state of 
absolute perfection, and, unlike every other invention which the 
world ever witnessed, incapable, at least in its leading features, 
of all improvement. It was anticipated, not that time only would 
be saved, but also that the expense of transmission either of 
goods or individuals, would be considerably reduced by steam- 
locomotion, in which iron supplies the place of horses, and coal, 
(he place of hay and com; but the enormous annual cost of "main- 
tenance of the way," including the whole locomotive department, 
has, for the present, set that question at rest. It was expected 
that this mode of travelling would be exempt from frighthil 
casualties; and " railway accidents" now occupy a conspicuous 
place in the columns of every weekly journal. It was greatly 
hoped — almost promised — that this system would extend its 
arms right and left, till it reached into every town and populous 
locality ; but the public were at length informed, better ex- 
perience had demonstrated, that these " Brandies," if estab- 
lished at all. must be undertaken by each separate town, and 
rhar ihc good burgesses, (o accomplish sucli ilevirabW o\^%(fcO" 
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be prepared almost literally to cover the foandatMn d 
Otar proposed nulways with gold. And punctuality, as »- 
fuis tiine of arrival, seemed with the apparently poverM 
tnoring engines, a circumstance of easy and certain atuin- 
nenl ; while it is now proved that wet, frost, fogs, wind, ti^ 
ibp namcrous minor accidents, to which the machlnerv of loce- 
moiives is so peculiarly subject, render all certainty as reganb 
the tine of arrival, both with respect to passengers and mails, 
fr«jQpntly much more questionable by railway-locomotion than 
on (he fonner s)~steni of travelling, by coaches on the turnpikes. 
Such Appearing to be the actual position of the railway 
at the pTi?sent time, it is imagined that this pamphlet ia 
to the public and railway proprietors not inopportunely; 
is therefore hoped, that its statements, calculations, and 
llions will be receiveil w ith the frankness and candour in 
which ihcy are olfored, and will be considered with the care 
and altMilion due to proposals, which, if founded on correct data, 
emhnice in their principles, much public benefit, and, as respects 
isilway shareholders in particular, great individual advantage 
and profit. 

The author begs to state, that he has submitted his invention 
to the first scientific and engineering characters, with whom he 
has the pleasureof being acquainted, and, thoughsolicited to point 
out any obji-ction to the working of his system, if any such were 
appar«^nl, nothing of such a nature has presented itself to the minds 
(rf any of these gentlemen ; indeed, the answer has frequently 
been, that the system ap)ieHred so reasonable in drawing and 
description, ilnit it was now advanced into that position, which 
called for its merits being brought to the test and decision of a 
full practical trial. Though something, partly of this nature 
has been idready alluded to in the preface, it seems not improper 
to repeat this here; for hydraulics Is a science which has been 
less popular and less studied than several others ; hence, its 
capabilities may not at first, and until they have been a littJe 
enlarged upon, be so fully appreciated by some of my readers, 
as they deserve. But the powerful agencies which this leading 
branch of hydronymics commands, offer it, particularly in its 
wider ranges and more active energies, as a subject well worthy 
of attention. Its greatest capabilities hava baoo 



f 



aery much mon 
<m perfected, aai [ 
mA Atmn»iumi > 



THE UYUHAULIC RAILWAY. \?i 

looked, or but passingly alluded to, enpedally in wlint U terniMl 
" popular infonnation," and their place has been iiuppliod by 
amusing accounts of jets deau, adjutatvs, fountainx, and all th« 
trifling water-work gambles whicb this li(piid wuh made to 
play for the pleasure of Louis the 14th at Versailles ; and in 
mere illustration of whicb, some of the expcrimcntn still quoted 
in works on hydrostatics, appear to huve been ori|^nttIiy uiidor- 
taken ; while many facts, demonstrations and conclusions which 
much research and study can furnish, afford slnkirif; indications 
of this science being not remotely destined to h(i>j> \n wiib ita 
great resources, as a fir^ mover of nuvfainery much turn 
frequently than it is now. It i 
with its forces and propartioi V 
— or when demonstrated Aey an wm Amam^ Ae Befi^ al 
formulie, which, though 1 
arbitrary — than many others i 

powers and capabilities to waik -^A fm aadnd^ fatf i 
be hoped that most of the rnkt vftiA aav mB Ibn^ a 
some of its nobler propordom, «d le Aa^k Ammt t 
for attention has been drawn (e dia fldjat &^b a^aiM 
deserving of respect and iM)tiee.t 

In the meantime, fully sMatat\am^i^m m^mmtmm 
to elucidate, for all practical jmftmoif 4e aiApaB I ■■ ■ 
treat, and upon whidi I shaD be fmiia^ar^um^mmmM^ 
the following sheets ; after AepciHid«faAi^^aAa^ 
my readers u> ^taie wfaeAo' daa wf^k^bm^iftamt^ 
puUom does, or 4aa aai kU a 
of ite f^abOAea te i^K fiKv 
■ step iaiM ottaad^w ^HB^ 
amnpmit ^nffinraaa pmm 
pated brtbepaUicaak^t,* 
modve eagiata , paar •* Ak a 
Liverpool Bjilw^. I «di mmt 
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ktuiilred tbousands : and would Acre, the ni^inv^Ba 
lii>«-ii to tn»il]r cupturt'd, nnd our other expiate i 
Lpranl. or nl tlii- preiteni llmi: taking place on I 
Cliinai pruvf, uilli so much bcUiiy, tW waodexfU i 
ofGrcst Britain, without ilicaid c^Uiis power? Aiid,j 
the iteun ongiiio is brought to act upon wster, ] 
((uilty of exaggeration, when I §ay, it ^oes tremblinglT to « 
witiiosR ita slow heaves and pauses as its machinerrracifwaataa ] 
action; observe its air ves^U to moderate the shock of t^ k 
when its progress is interrupted, and, if the pump be large, m 
to tlii-clutih of its valves. A power like Uiat of water b nottsb I 
reriprocati-d without due caution ; throw a little too modi at- 
tnentum into » substance so ponderous, yet, when once in moboL 
»o i-Mponaive to the lift of the engine ; so incompressible m 
subtile, and, but for the air-vessel, it would seriouslv sti»ia,it 
not fracturf, the ponderous, but well-proportioned machinm', 
even of the steam engine itself t 

Still, under able engineers, all these apparent elements d 
discord are so well equalized into harmony, that the steam a- 
gine forcing or lifting pump, b everywhere to be found contri- 
buting greatly, in one of its most ordinary positions, to ik 
COmfoit of the population of London, and many other of out 
towns ; where it becomes the medium for supplying their inhabi- 
tants with wholesome water. 1 mention this, more clearly, lo 
bring before the minds of my general readers, the power of my 
propulsive medium; not to convey to any one the idea ttit 
I shuil apply that medium with a reciprocating action up my 
propulsive piping ; far otherwise ; for the power of the rush of 
the water, or, in other words, its momentum, will be entirely 
uncheclted by any reciprocation, and all in the direction in whicK 
I require it to propel the piston, and, through that, the train. 

It is true, I shall occasionally apply the steam engine forcing 
pump as fi first medium for convepng propulsive power to the 
water. That is, where natural heads of water of sufhcient eleva- 
tion, or smaller falls to work hydraulic machinery, are not, by 
the aid of piping, within convenient reach. The question of 
the distance trom which water might be conveyed, to furnish 
supplies to reservoirs, under adequate pressure, to feed the pro- 
pulsive pipes, is less material, than the (]iH-siion of nmount of 
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expense, and the consequent len|;tli of coiiDM-liD^ {Mpr, whicb, in 
an economical point of view, wnuM be a<lrii^l«— Jivr waitr 
might be brought, from eievnuni ground W ■ «0ttiUet«Ue 4k> 
tance, without mat^riai retariiatJon in tbe pipt*, «r Mom^mM 
loss in propuluve power, if ^p«« of MiAdcM b«M W4M U4 i* 
convey it, so that itflioaU tarel aloa|; tboB, at « afMA d 
paratiTvly stow. Steam «■$■■£ lifliii^ «r ■ ' 
therefore wUl be, at I k>t« >Mt iatiMArf, 
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rimise efiisaie» i£ presec: coatead* widi marked success, shall not . 
yec bevTMBe swre xauneciaxelT dnccfle and responsiYe nnda As. 
r«cipn.H3C2i^ acdoa o£ tbieir poverfol great beauns. The powtt* 
or me aanzral Sov oc worer in a condniied stream can be estimatri^V 
ana tbie lesoix so obcained b rerr great ; bat the ebb — or JMM^ 
— and fiov oc die water oa the Comish principle, must detneir 
mudt larom the efieaer of thiKe great and sdH successful enpsimf: 
doti ic G» CO be hoped, the period k not far distant, when tll^j 
^4eace oc kTiiranlics will be so tu* adranced as to enable them 
brutsj: lip tiie water m one continued stream, and without 
^ro^. 3S xt pn>seat« the momentum which, with the first &!ieitgf.i 
oi their ki^h pre:>sure steaou ther create in this strong^ incom^TJ 
pcviSifibie liiqiiaL anvi safer again to die, after every lifting strahf 
they make. Though che stream so established, would be in a V8|w 
cicaU insceaid ot horizoatal direction, yet the comparison here ]•« 
sdcucvxK 3$ respects the amount of its effects, and the differeaeib. "l. 
between a tree oacural dow of water and an intermitting streamir -.r. 
wLlU iti che cwo ctises^ hold good, when the circumstances aitt;^ 
borne bi minvu tv> a sutScient extent to justify its being adduoei 
iu iUuiSKirt^tiott of che idea now advanced. 

A maceruil chanjurteristic of liquids^ is th^r disposition to ae^. 
K^uire a cnn^ hvvruoucal level. The fiist use they make of the 
^hKcv of mocuMt by which they are distinguished, is to exert il 
in fv'^aiiuu^ chis leveU whenever it hass firom any cause, beei 
vlUiu)rb«\l. U tuacters m>t whether a torrent has predpitaled 
U^lf vlv^wu che 6ivv of a mountain, or a river poured itself inta 
iu\e ?tt\le of a Uke^ v>r whether one end of a tube full of water^ 
ha?)k b<><»w bent upwants^ or whatever else may have occasioned 
th^ dUcurbauw of the water-level ; that level, if the liquid be 
let> to it^lf* will bt* rt^ijaiutHl, and the more speedily regained, 
Ju exact (m>|H>rtiou to the extent or height of the disturbing 
i^use, DiiSktance cannot neutraliie this law of hydrostatics. 
Whether the surface or horiiontal column, whose level has, at 
one side been disturbed, be ten yards, ten miles, or any other 
measure in length, the liquid immediately begins to exert the 
power of motion, inherent in it, under such circumstances, to re- 
gain its true horizontal level ; and it never will he in an absolute 
state of rest, until that is accomplished. 

I have already alluded to the fact, that the wate*--^ — ' rf 
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'i: •vmiiii lit* -•^rv '.esirable. if it could be ( 
^rmcitiLef*. <o -asv ^t -.DDiication. rorem rhe lalL of 
losw^i "t^mcai ines. Vutnonties mi^ht be brought 
-uDDoiT "nis luwrnne : .na jouici ir be established^ it 
anerenr n "ae noiie 'f -^ropuisioa I advocate* a 
unonnr .f vowpt "aan I »i.c rires«it feei iuscified in 
uc : "04) "renuentiv laopens. ~hat rtiese aatlioritie% 
iiiim -o "aucn. n -ome -'rner ^oraon or their own. 
ennui V *iiow 'aai *acfi t-^timatea are in error. TIuib 
Tnnsiannjj Marnocre. ac ''ajje .70. ailuaiiup to the- 
-net»«! r les^cent n "oiiinor '»oaies. says : •• The 
imuvrn -^e -'»mcai. noe voaiii increase ficco r damy to 
mrnxmrn^ .: -nere -vos -^niv -iie ^^ipe. * But rhe reaenK be 
v>r ai* j9«^umDnon < :uire ;nsadsraccoiy : and tfae- oc: 
ne roFK rs^tr. . irne jwer i.own* negatives tfae^ idsea* 
Liso axicnr e :noreti 'o 'ne ^azne Effect. This nan" be 
:i \ or'-.on. :i nuics. ^r *iie 'massacre I liave e: 
ifse •M.T "nis 'amDoier. .isbemij, in iiis rather 
"t-iunrailv ".jascrative ^f -•jme '?ecmiarities in die xtestil 
▼ncer. is ^eil is ^f iraer "?ouies.* One of the m 
r-^ii£Oia'i 7mets. ''v^nmre- liso iiazaras rhe saooe 
«tacin^ "har • 7!ie iiud stramm. ^^ontinning tx> deaeenti 
L vT \ •viniincai "xibe* 'emis 'o icceiemte 'ts fmo iium 
7> At* ttics »r rrrtntaxion" — pajce I3i*. second edimni. 
r -un irrru^i, .5 ine .^t "bt-hse .nsnmces '.n -vhich he enn 
flett n^ 'tie »^!ae^^Tlrion -rtiich TTetujoid niakes in his : - 
•he -.n tenor. n.- ^i *ii* •migmenr. and Vaich T^enxBoiu ■:: 
.%hie Miror, I have iireaiiv Tansciibert in Nore A. 

m 

In :hat nore .iko, *faene is ibnnitant oondrmatiinL 'jl 
nierir^ wii*'^^ ir b^rows on Dr. Young's work, cc 
Q^nriry of ''he basis on which I place myself when I 
i-yminla. ^»hich Tr^goW derives tirom Dr. Young's 5 - 
Kyr^l^ein'? Hydraulics — in rejection of more Sakvoo: 
riples, which the preceding quotations would seem to 

as the foundation of my caculations in the follow : 

This rule or formula does not show that water in vert: 
falls exactly ftcoording to the laws of graritarion, rr 
whole velocity doe to them ; and for this %ut!i<Amt t^ 

• 8«e Note C. 
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V ious, this formula or 
"•*'«»(t which it indicatcM, 
■ "(iod deal of reflection, 
» it' most convenient dia- 
■ itu a line of any con- 
This will, in the first 
:.o' dimensions; in the 
■ lurt and render appli- 
iiiHcient for working, 
:Mished; and in the 
ill have to make lesjs 
riction, than in one 
"- : because the fric- 
. . i-s as the diameter, 

!' load of th*; -Aork- 

:' \\,iU:T, a-. Ji':ixr i^A 

' round in pr:a^;t jr;;xl 

■ ■ ^/■.•i." *■,' *• :- f - I 
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*B "i vrja,k«.":..,t. .^juux' 





^*»*' :f^ -a** I- -MT^^i own 'vim "oe 
,rip. >*r 1 )*fc iviv r ift i^ n ae gn Qing 

« :j«rt --inriii - . i> .TTtirfjr .1 mat ISt T.TCTZi 

fh^^ *^'iti .ri*rr:irr;fia iisi> 5'fiicn 

jr>^«- .^ nr . r .»i]i-r. .T^ir*^r nomeat: ma rhmiieii. fj 
.« -<»' «« '-ks^t r ?i*^ i^fftrrtanon. rnica 1 JaFe 'oi 

4 n^'iriii^ 1 iiH- Mrmma. Tnica _ an looac to ii 

!.*. j>r-ni>r -»:i .f^TP" ^-r.nKfiroiir -nomv 'o III 

«''.r..- ..iiJn'r -v**" -"ir-iiiorn l "'^fncat oine -WTlL. 

5 .rr -.v - syf,:. ',r,n har r.^arrs -ne -^oxxom. yi it. XoH-ift 

^oor.ff-:*ofi-n 1^- -h^ irM^tirF- >r "he lir, ▼men at ri». ^p o^ i^ 
'./jjiirz-.f. :,f.rin'7' in 'hp" .i«irt It "he ▼ater. rbrcea it down cb 
p;r,^ r'fi-, :< v.;o/-;rt- rrpatPT 'han -viiat is che*e rtne m it 6am 
y,-tif>f /, -nil 10 »hat voniri ofherwiae oe vacnitv. Ac ife 
v>^<-om 'i*^* Uf '•/)tiimn. *^hp -tame orPT^nre ot the air beamHstf 

rt^'-yyi^ff r.tf*.r»f : ;,T>rl rh**rp? mp^^fincr the force Ot the ftfrwl^g iimy 

-rjitor. ofi'*^ 'filly oh<ttni/*ts >s !Tee ♦^gjTPSs. and allows tiie 
frfr^T:%T^^ i^h^ V)', of rh^ OTO** — with rhe aid of its own 
•A*\rf* thM« fo nriMint^in rirh the re^t ot the descsiduiflr 
(vnn v^<^!| r^/^nn^^'^fn/i ^frA^m. Thus rhe pressure ot' the air 
if« AflTf^l" In |:rr<»v^ntlngr a vai^nnm in the pipe, equally 
ffi*^ ^'»p ari'l \t<f^fhrf\ 6f fh** H<*^r:pnHinsr column of water; 
f/»^r, frorf» iM fK/irfi^lly of»<«fnu:tive pressure on the botton «if dK 
r-olurfirj, it t\t*ff'Af'f< Wrm^fKirijr from the velocity due, by the laws 
hf {/rnvi^»fior» itf \)\o tU^^pi^ni of a vertical colomn of water 
Hiroif(/h frifrirrfr. 

Affiffl" /I*"lii/*^i'»ri fr/»m fhe velocity of water in piping, for the 
rf'ffif/Intlfin /Imp f/» Mi#» nfrovM r-HiHrA, an well an that due to the 
\h\\\h\ In tf«< |fno<ifi^o up liori/ionfiil pipes >» made in the formula 
hf riflf* In 'Vti*i\^ii\iVn Tniff^ on llydranlirA, which I have pro- 
triUNt to lirlntr iitifli*r thi> m< 9 reader.* 
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For reasons, which will be sufficiently obviouH, this formula or 
rule is much influenced in the amount of effect which it indicatei, 
by the diameter of the pipe ; an<i after a good deal of reflection, 
I have arrived at the conclusion, that the most convenient dia- 
meter for my driving or propulsion pipe, on a line of any con- 
siderable traffic, will be that of one foot. This will, in the first 
place, keep the pipe within very moderate dimensions; in the 
nest, it will beof adequate capacity to conduct and render appli- 
cable, an horizontal column of water fully sufficient for working, 
with powerful effect, any railway now established ; and in ilie 
last place, in a pipe of a foot diameter, I shall have to make lew 
provision against the retarding influence of fricrion, than ia one 
of smaller bore, for instance, one of six inches ; because the fric- 
tion, according to the comjuonly accepted rule, is as the diameter, 
whereas the supply is as the squ&re. 

It appears rfa^onable, also, ta regulate the load of the work- 
ing pressure oo the propalsion column of water, as nesir a& 
possible to those pFeesures, which are to be found in practical 
application nsniis t^ great Itfung or pumping engines. Not 
having a! bamd tbe exac4 leogth of the Iif(£ of water in the great 
mines in ComwaH — wiach, however^ most be ooaBiderable, a» 
some of the linei m dH yards, or more, in di^iiii — I fiod bjr 
tbe prialed <limi|n1>wi «f am engine, eoiifitmeted on the Cormiab 
principle, by tlte eanneBl ettgineei, Willtatn F^rbatm, Esq^ U> 
drain a mine 7ili {eet deep, st Verriens iu Belgiuto, that two 
of the lifts, or ntber lengths ^ pipe, are 191) feet eaiJi, the 
I both ^nn, bong fomsd up by » plunger «r nm. TIk 
( dan i» widfi some of tW water wsdu' [rimjuwiii 
r pipes, ase oceammaUr wnr Ingb. run in thii law! 
ibe imdm 4i a eoaifiafaliMly flat dstriet, Aa 



s ^ sml wbea sffcHa 12 to Ui iiid» hme, a^ 
' frf ^JnA lit thi dmeiifc- arc wartaunad to land a puuwii rfm 
fget. Id ^mh ibet- af» fvovvd ; aitd J aai muitei, inmaafinoM 
aatbmi^, tber wmikl bar a gicat deal moR. It wili titmtime 
be qaoK witbin mnonabie bmMt to pimi*^ ibr iM<oinil«doii ^le? 
fari 

a of it. 
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propuUioa pipes; but on this subject, and also as regards the reason 
for working, first at six, and then at five atmospheres, as veil as 
respects the dimensions of each " section " of the piping, just 
referred to, more will be said further on. For the present there- 
fore, assuming that at the power-stations, the available force 
will be limited to that of six atmospheres — which is all the pres- 
sure I should wish to avail myself of, when I use these stations 
to furnish propulsive action to the driving pipes immediately 
contiguous — I find, by the formula I have given in the last note, 
that my initial velocity, at the foot of the vertical column, or iu 
equivalent, will, under six atmospheres, represent a speed of full 
67 i miles an hour. The above initial velocity of course must 
be cliecked, or what could stand against it ? and nothing can be 
more easy than to adjust the communication valve, placed betweea 
the vertical and horizontal pipe, so to open (partially) aijirtd, as to 
give that amount of supply of water, which will furnish the de- 
creased velocity, or nearly that, due to the further end of the 
pipe, when the retardation has been taken into calculation. The 
communication valve to effect the above purpose, is first acted 
upon by the puiley, as shown in the drawing, which, on being 
lifted by the inclined plane attached to the travelling truck, 
raises the valve about one-third : after this, the remainder of the 
opening is effected gradually by a little machinery, I also show 
in the drawing ; it is done in such manner, as to preserve, iu the 
propulsion column of water, through its whole course up the 
pipe, one equable velocity ; and which clearly must be the same 
as the final velocity ; thus, as the velocity first allowed to the 
water, in its progress up the pipe, tends to abate, this again tends 
to increase it, so as to preserve in it one unvarying speed through- 
out the whole of the pipe, now under consideration. This 
action of the communication valve illustrates one of the most 
beautiful laws in hydrostatics, and which is usually exemplified 
by the hydraulic press or by the hydrostatic bellows. These 
instruments show, that by contracting the upright pipe (in the 
case of the bellows, for instance), and thus reducing the supply 
of water, you reduce the speed or the quickness with which the 



instrument acts — for the speed i 
by doing so, you nowise do, or < 
(«/id lifting poicti- nf th'- icalei : 



■■ under complete control — but 
in reduce the available pressure, 
that, under alt circumstances, 
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( I ) At the foot of the Tertical cohzmn, a free 1 
power, driving weight, or impulse, tor the pur- >86cwt. 2 qr. I4fi». 
potws of propulsion, of ) 

I J) Au iuitiai velocity, in the same posicion, I £..<a -i i 

(if there uucoutroUea) of. Z }6/i*nulesperhoiir. 

(3) A velocity in the horizontal pipe, at a dis- ) » . 
taiice «)f .>0 yards from the vertiad column, of / " " 

\^\) A velocity at a distance of 70 yards, and ) oqs 
wliich I have termed "final," of.../. f^^ 

.Ji) And if each length of horizontal propulsion^ 

pipe were to be considered as measuring 100 | 

xards, iusteml uf 70, the water would, at that ^25|- „ „ 

ii>taikce from the vertical column, command a ] 

^ fiocicv i>f J 

Ml I lie eoiulitioiis being the same as the preceding, except 
aLiii^ I ho pn»pulsive pressure Rsjice atmospheres, then 

No. I v%ould be 72 cwt. qr. 21 Bb. 

.. - ,, 6 1 j^ miles per hour. 

'* •• »» «5lly „ ,, 

* »• ♦» ••• "'"B" >' »' 

»• «» ««<^y >> yi 

If umlerjour atmospheres : 

No. ^«ould be 57 cwt. 3qr. 01b. 

oof miles per hour. 

073. 
i> • ••• • ••'5 »» >» 

*» •••»• "^X " " 

It under three atmospheres : 

V -\iu i*^ -^ 43 cwt. 1 qr. 71b. 

i ., 48 miles per hour. 

« •• •••• ^«>y i9 » 

21 

^ ... 184 

ii.Ai« ^uiHMi unity, I can, if it should appear to be desir- 
"^"^ , J. VifcCitoiiii introduced in different parts of this 

beat ~ .^ ^fc -N«««Hit it appears to me hardly consistent to 

•"* ■ " .*,«*.-*■ ■*«!L* w^l*?* i** hundredtha. Would it seeoi 

instru "'* "*" i*^**^*» undertaken with a view to decide upon 

^'^*'*' '■ n. ,ji*i*ou uiil Birmingham Railway, to say, that 

^^ -• ■ " ' , . .44. UK' viasi, for instance, 21 ^^ (substan- 

of wate - --.H..: v.^- • ^ ^^j^ ^ brought up to 22y^^ (sub- 

lustrumt '-^ "^ ^ 
by doing ^ 



Having alreu^v nentiaBa^, Ah % >f | w w w b« » rvtMoiiuMu 
course, aad clear of eitker cnwae^ W pivfMMr working; uiiiUr 
propulsive powers of six tmi tw aCBO^plwrM (whivli, tii thv 
language of the sleam en^iine, w ivspectiwly m{uuI tti t'O 1Kb. 
and 75 lbs. pressure, ornemrij- so, on ih* siiuart' inch) I «)iiil1 
found the several calculations and estimates 1 may, in iIih murw 
of the following pages have to offer, on th«?«e \m*f* i iiml nlilphi 
consequently, to be correct, must be tn uccorilnncf, u* tat »• ll 
goes, with the preceding brief Byiiopttrnl view tit UyiitHtiiUt 
power and velocity. 

From all that has preceded, it appran, ttwnimf, itmt fMt 
mode of hydraulic propulsion claims a Vflmty, m Am- tnU MtM 
distance of TO yards from each pttver ktaaitm, f4 Sf7| M^fM ^ 
hour. I shall claim no more far it; tlv^M)^ ffWn mO' «MMM; 
grounds for presamhig iJiat tW fonmrfs tnm 'm%M,> t (f^v* 4f0 
velocity, is ina(l«|nate doljr l» mrmtm ! AgtSmf mA jVwiMy ^ 
liquids, wben nnUn^ «p fipef ii4 fcn^ *»W - y.-'I^.J^rtfy ,¥ 
then under tW iap^K tim fuw u tttt m<\-'^ . . ,^<m 

lagt, 1 L. . 1 iii ifci J ftM TMyW* T •■ .^ 

tiveof tke|»MipkK«««ln(lili»lbHlirti<. .t^M^ 

ant iW WtriM wM %m "mmamMf m rU^ 
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I ■TDKAtUC ftUL«»T. 

.^ iiU. dM ilaiB^ is wk wn h j i nm; mm », kare hvm nn Jed^ 
wiiii mpfmaOB ^^rw mmhi^fmlr ta m£cate the wbnle resdk flf 

dj ilkaifaK Sid BaM pcwoM ■xfahMn. The c 
tOMg^atf M al»« of appuams hoMtg ttnkbed, t 
SkBOMr tW p aw ci of Uni aeieace ia its gream operBtioia. 
l» ■^PI^^TT'V^— wag not afiivdM] far determiniiig thU 
1 1 iiiiiiMi III, mtaiiogy has been called in to fdmish «ba[ 
HmJ to (w k probable result ; jn^ as from analogy an 
C Mgfal hare been fonuded, before tbe opening of the Li- 
md Manchester Railway, on tbe probable pover 2nd 
wJocity of the locomotives, from a lecturer's diminutive model of 
oac ai those engines. Or, when anything more practical tban 
tbott diininutivu upporatos wa« brought to beat on tbe qnesdon 
ttt isMie, so littlti wot) known of the actual state of the machinery; 
of tbo otfcunicy, or otherwise, with which the piping was laid 
down ; of its being clear of, or partially obstructed by air io 
it ; tbe fiesures in it, iso much detracted from its &ee efficacy ; 
nud M> inadequately was the great and power^l momentum of 
tbu water, by trying ilie higher velocities, brought into operation: 
thai no 'lata so obtained, were, or could be anywise likely to 
eiliibU the tull amount of the result sought for. 

Having stMed thus much to set myself right with the public 
ut liirgti^ -UMi also to rentier it pretty manifest that I do not clwro 
owoiily to repeat that I am prepared to found m; 
liuctioiis, confirmatory of the power of hydraulic 
_..mI'* tunnula: it is the best, tlial, under all 
■II produce; or rather, I should say, it b 
;. .Kvepted, and least open to be demurred 
U) auy parties ou the score of indicating too 
1 vluiiu> therefore, no more than 27 miles 
ici.ii spt'wl is more likely to prove 30 or 
■Ion, that I take my driving velo- 
-lance of 70 yards from the ver- 
;n«l previous velocity down to 
;.v- i-> the water at fifty yards from 
, ,s.Wv be very safely taken as the 
.-».. ,-^-i V* (Impulsion pipe would then, 
■^^^^^ *»W(i*«l : ''"* 'f 's far better to 



lou ntucht I have 

sU(V-ni< 

the 
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have a little too much propulsive momentum, in an inTBtti— at 
this description, till proved in practice, than to run the liik of 
heing anywise short of free power, aud thus, from unemukeaB ia 
the effect, to expose the trains, however remotely, to sfaodct or 
jerks, in their progress along the line. 

1 have now to refer my readers to the dnwii^ aai tW i^kr- 
enee to the figures, which will be foond at the emi tt tfe 
pamphlet. The alternation of the iecboos at prapalMa aaJ 
skeleton piping there exhibited, particiilariy in Fig. B — aWn, 
however, no proportions could be obeerred — will soggeM, m a 
question ; how the trains are to be earned orer iW tkAtam 
lengths? I answer: they will be i ii linl nrrr rhf ihlrCaB f>fn^ 
with very trifling loss of speed (the exact pnfwtiam ti ■fciffc J 
shall soon have to consider,) by the my great ■ 
into them, throngh the medium ct die trardfag p 
passage over the propokioo secdoos. What m tfe «■■>■( «f 
this momentum ? At the foot ot tbe TCTtieal ettm^ Aem h • 
weight, or load of water of 86 cwt. Sq^. 14 Ib^ fftmmgtm i i fJi f r 
at a speed of 67^ miles per bow. It mMf admrwim W 
termed a pent-up Rood, %eAmg ateaat et tatafe wmtgr Ait 9Wt^ 
mouB pressure, and ready to bear befate it, whatever H 
against it with a less opposng power. N«w. b> nfcat • 
statement, and save my readers ifae tro«Ur «f refcsiMff li 
drawing shows the maefaiBcry, aiiarhwl (• tLe i 
valve. The inclined plane on tbe drrriaff Indi, tl 
agency of the pulley, &c., opena that valve at fint, i 
third, so as to allow only socb a Mfpfy ^ * 
opening, as shall at first fnmiih a ipecid «l^ auC fi^ 97 a 
hour. Then, as tbe traU progrcMM, Ae afotmim i» iW) 
under the valve, opens wider and wUa« 
power of the load, so as folly to eoMteiatt Ous UKmui»g «*»- 
dation in the horirontal pipe, and to pmcmt In Uw w»**» • 
velocity equal to that under which it fin« Marud i >fT mt\u/r, U 
will be a little incre^ed. Now llaa it all parfrrtly wwy "t "W- 
compliahment. On inspecting tlie inw'unf of thitt (H«ii »( tM 
machinery, which U to effect ihi» purpw^, it will W '"'*"'' ^'»*» »''■ 
whole is as capable of being adju-ted to lh« •("""' "'"' f*""" 
stances under which it has to work, m a i-Wk U hjr lU |HirM _ 
as a stationary steam enjfiwe, by itt K«v«fiP"i »"•' idralilM 
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incloiied, ponderou:*. current of water, nxuies 

considerable volume, shooting itself tbrwanL 

city. It should be remembered aido. that die la rg^ aa»i 

the train, the more povertui its momennixn. beeoowsw Tt 

several times well illu^^crated in Dr. LardiLer'^ zailv^T i 

» 

mentH, to which I have alreaiiv alluded, wheze che Leavitf 
under, otherwise like condicioa^, exhibited a maek 
sive power in them, than thotse which were lij^tuer. 
in hydraulic propulsion, heavy train:» will be a coa* 
rather than an incumbrance, to a system, whieh, ;b 
propulsive power, will be absolutely maftcer of asy 
which can be compared with any thing*, thac ever ran 
iron raiU. 



f TV 
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CHAPTER V. 



The exact ratio of tbe decrease of speed over a length of 
skeleton pipe, must now be inquired into; and, for detetmiiiing 
this question, I am prepared to take such data as are alreiidy 
in being ; but as these data are obtained from observed reiults 
on the locomotive systeto, it will, I trust, from all I have ju»t 
urged, appear probable to many of my readers, that the infer- 
ences so obtained — though satisfactory as far as they go— Will 
be insufficient in the present instance. 

It appears that Dr. Lardner, while experimenting on Hm 
Liverpool and ^ianchester Railway, to determine the revWtane*; 
to the trains in motioD, ondertoc^ several experiment! on tlie 
Sutton incline. In the course of one of theaCf BiMtio—d t* Ut 
second lecture, tvo eoadies, weighted to the grow load «f 1 1^ 
tons, were bnK^:lu to tlie top of that iodijie, and thta ■ ~ 
to doHad hy giarttj. Sow tbe Sottoa wdiae ii 
tmli ■iiwdi^ lo M. De Paaboor, 2.44G jr«rd« in li 

.SHCof it, tLetm » ■mhat maf, Arall pnetical pMpM 
■ lefd, as It i wa e ulf m imdme only at cae ia ffUSt 
kaglfc if 4^1 yM^ thorn omAtt^mU- 

«fWa 
«f4,577;sdi. D,4miimt; hmmiim,Am Iw^jf 




I ■■— Aim BftSLV&'T. 



tmoK m lie lend, m tarns tzifle higher than the 
1 dmm — ■hHiiu 1 waacf HNifiode, for reasons 
tmL, it v2I piVB* to ktf ni 'hydraulic propulsioo— 
>Dn(l«d \o, xcas %o miict 
lUe to wori, anAet so 
k wooU appear almost like 
«ov 1 m fHpoc ■akng' uij^ deda^on of speed, 
rbich 1 dedute 
to \xTC been one of the most 
favtaaUe far mj patpvn, of ifceae -wUdi I>r. Lanlner under- 
all tlw requisite data are most 



^■e agwa ia iW pncnfii^ pagm tQI bow enable us to d^ 
leCHiiK what dM a x wg e speed wiQ be, on the hydnuiiic system 
!&■• aCMgcd, avvf- an extent of tailway ; asd th!$ is at once 
faaad W be 96) aibs aa boor. If this rer^- slig-bt decline in 
ipccd, ia pradoch^ an aret^e, i§ worth congideratioa, it mi^t 
mmikj — and wbov nnr railway's were forming- — economically, 
br aroided, br anking each Une a wai^-ing one. It would be 
cfected thus : let the gradiants usually he such, as that the trains 
•ball MMead, along that part of a railway over which a section 
flf pfapabioD-pipe extends, at the rate of, say one in 100, and 
docead at dw rate oi one in 200 over that, carryiitg a section 
of shdetoa pipe : the graritr and momentum together, thus 
eawi p eDaating, for the ver^- Irifliag retardation, otherwise here 
CSpeiieoced in the speed of a train. An ascent of one in 100, 
or even one in 50, 1 think it might easily be shown in figures — 
if I Biigbt further be allowed to detain my readers — would not 
seiMbly affect the speed of a train over the propulsive piping, as 
the dririi^ power there is so enormous. In fact, the gradients, 
which this system of propulsion would easily overcome, are of a 
cbaneterso dissimilar, in point of steepness from those we thus far 
arerhave met with on railways, that I would rather leave it to others 
to describe tbem, than hazard the charge of exaggeration against 
tUs Snie pamphlet, by undertaking this on the present occasion. 
A calculation of this sort would be most simple. Deduct so 
ararb from the propelling power, as will be absorbed in mcet- 
ia^ tbe retardatioa due to a given train at a given SPaA and the 
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^arge remainder of the propulsive effect, may then be applied in 
overcoming the inclination of a train to gravitate on an iacliiW- 
As the square of the speed up an unfavourable country, is r^ 
duced so, in like manner, and in like proportion, is the amoant 
of propulsive effort, at the further extremity of a section of pro* 
polsion-pipiDg, where the driving force has least available power, 
increased. A trifling decrease in speed, would here afford a 
great increase of power. 

Hence, were it proposed, by the aid of hydraulic propulsion, to 
ascend what are termed " hill sides," if the speed were loweted 
a little, and also if the length of the sections of skeleton piping 
proportionally reduced, and those of the propulsion -pi ping 
eqnallv increased — or, even in extreme cases, rendered continuous 
' — can figures show, this could not be done? Deep cuttings might 
be alft^ether, or at the least, to a very considerable extent, dis- 
pensed wiib; and an immense amount might thus, in the first 
iBStance, be saved to shareholders, and ultimately to the publiCi 
by enabling the directors of railways to adopt a system of very 
modente fares ; and this again would re-act in favour of the 
sbareholders, by, in all probability, much increasing ihe traffic 

In fiKt, the difficulty of rendering steep descents practicablo 
and safe, would be greater on tijis system — as it would be on 
every other — than that of overcoming the ascents. No propul- 
nre apparatus, of course, would be required for that line of the 
nils, which carried the descending train ; and where the descent 
wa> not very considerable, the difficulty might be practically 
overcome, by the beautiful contrivance which is adopted in iho 
celebrated Box tunnel, on the Great Western, near llnth ; and 
in which, before such means were taken, the descent was found 
to be inconveniently steep. Where the descents wore very rapid, 
it is possible the iron lails might be enitrcly diitpt^iised with, and 
strong wooden longitudinal sleepers laid, in place of them, with 
deepisU grooves cut in thcni, to Jit at the bottom, the tvrtical 
transverse section of the periphery ij/" riiilwny trhrrlt, and with 
steep slanting sides to such grooves. If this could bo worked out 
in practice, it would oppose a very cnnsidorabic friction to the pro- 
gress of a train, which might otherwise gravitate too tiist. Wt 
tbe wood had worn a little, such longitudinal wooden rails* 
be improved, as regards the object hftv In view, not deterio; 
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myself enabled to offer to the public, a practiead and powerful 
ftystem of hydraulic propulsion. 

From all that has preceded, it appear* reasonable, thai a pro- 
puluve-pipe should not be shorter than 5** y"**^ "O'' longer, for 
the higher speeds, than 100. Well, then, ibusfar I show a tniin 
practically driven over some 70 yards *>t v^opuUion-pipe, 
about some two or three hundred more t>* ^V\eVo» p" 
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nothing. Call this principle, tlien, into action, by placing by 
the side of the railway, at the end of the first section of skeleton 
piping, R wrought-iron air and water-tight receiver, of sufficient 
capacity to contain rather more than that volume of water, which 
would fill a section of propulsion-pipe, and, over that, a much 
larger volume of air, let this volume of air, which is to press on 
the water in the receiver, being there condensed by a small hand 
air-pump, or any other convenient apparatus — for the means of 
doing this are not material, as it would not be likely to require 
repealing — and let this condensation of the air be raised to a 
pressure of six atmospheres : let the space within the receiver, so 
occupied, be equal to five limes that which contains in bulk, one 
section of propulsion water; that is, when the vessel is duly 
charged. Now, let the power, at the first power station, occupy 
itself, when it has nothing else to do, that is, when no train is 
passing, by throwing into this receiver — slowly, so as nearly to 
obviate friction — one propulsion section of water, through the 
medium of an extra pipe, of smaller bore, provided for this pur- 
pose. Let there be also a short pipe, connecting this receiver 
with one end of a section of propulsion-piping — ^just as would 
be the case at a first power station ; let this pipe be of the same 
bore as the propulsion-piping — ^or it might advantageously be a 
little larger, if, at its junction with the pro pulsion -pipe, it pre- 
sented a conical-shaped termination. Now, the propulsion receiver 
being duly "charged" with water, under a pressure of six atmos- 
pheres, open a valve in this connecting pipe, and what happens? 
The water in the receiver, instantly shoots up the propulsion -pipe, 
under a pressure of six atmospheres. Does it so continue to the 
end of the pipe ? No. The space above the water in the receiver 
occupied by the compressed air, which, before the valve was 
opened, was equal to five volumes of the water now discharging, 
"", by that discharge, ultimately become equal to six such 
\ the pressure, which, in the firstinstance, was 6x5 
?come 5x6. This alteration in the pressure will 
radual, and the change will be complete, just as the 
on valve in the connecting pipe, closes again, on the 
e having received its due charge of water. This 
I to every one, the propriety in wc ' " 
of slnriing (he water, aii in the pn 
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When a propulsion-receiver has delivered its charge, the super* 
abundant preiMure of ihe air within it, will be equal only to that 
of five &tniotiplieTea ; that is the most fuvourable point for the 
present work of re-charging ; but let us go to the least favour- 
able, and suppose the same receiver is taking back its water, and 
bas received very nearly its whole charge; it will then present 
an air-spring, oppodng the ingress of the water, equal to ft 
pressure of six atmospheres. If then, 1 had no more than the 
same pressure available at the firet power station, one power, 
that of the steam engine or vertical column, (as the case might 
be) would be exactly counterbalanced by the other power or 
pressure, namely, that in the propulsion-receivers ; and the work 
would consequently stop. The reason for preserving a constant 
avtulable power of 6^ atmospheres in the machinery, at the first 
power stations, will now be most apparent ; and it will also be 
dear that, this cotialant power will be required to overcome an 
opposing power, varying from five to six atmospheres— the length 
of time it will take in doing this, in the several circumstances, 
io which it will be required to accomplish it, will be minutely 
Mated, a little further on. 

Now, to preserve all the clearness and simplicity possible in 
these calculations, let us revert to the power, load, or pressure, 
which in a former part of this pamphlet, was found to be due 
under 6 atmospheres, to the area of the propulsion-pipe ; then we 
will add to that |>ower, the pressure and load due to the extra 
half atmosphere, (equal to 16\ Feet of water, vertical) and of the 
•mount so obtained, we will take two thirds, and set the same 
down as the free impulsive power, which, it has just been ex- 
plained, the engine must exert. We shall then consider what 
proportion this power bears, with that we have already assigned 
to the engine, and so we shall pass on to determine the time it 
will take on each occasion to accompUsih the work, which it will 
be required to perform. 

The pressure, or available force of six atmospheres, upon an 
VMi of one foot, (that of the propulsion-pipe,) is 86 cwt. 2 qrs. 
14 lbs. ; t' I, add the pressure of an extra half atmosphere, 

^ cwt. lbs.), and we have, as the whole gravitating 

•W" pheres, 93 cwt. 3 qrs. 10 lbs. Now, take § of 

' find, 62 cwt. 2 qrs. 7 lbs. will be the free power 
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which I shall show the steam engine will he required to exert. 
Tliis, in fact, represents the gravitating power of li^ atmospheres 
of water, when pressing on an area, § that of the propulsion- 
^pe, and the engine will liave to perform the work of such 
gravitating power ; but it has already been shown that an engine 
of 50 horse power, exerts, with ease, at its ordinary workj a 
moving force equal to 66 cwt. 3 qra. 24 lbs. There will, there- 
fore, remain in the engine, unapplied, an amount of force equal to 
403 lbs. —nearly three horse power; but as it is desirable that 
the machine should have u light, rather than a full load, I shall 
not propose to reduce the horse-power of the engine- 
It now remains for us to consider, in connection with the pre- 
sent subject, the number of propulsion -receivers, such an engine 
can charge within a given interval; and this will g^ve ns the 
length of railway, over which such a machine will have to afford 
propulsive power to the water. 

It appears a reasonable thhig to assume, that a working rail- 
way day on any extensive line, will consist of 16 hours ; and if 
the trains were large — as they might be advantageously on this 
system. — the day traffic might probably, with very few exceptions, 
be performed conveniently with 24 trains. Now, this number of 
trains, divided over a space of 16 hours, would allow an interval 
of 40 minutes between the passing of each. Within such an in- 
terval then, the 50 liorse engine must complete each series of 
its work. That series, I find, will comprise the charging of 
19 propulsion-receivers ; that is, nine on each side of the engine, 
and one immediately before it. This last will be requisite, as 
the engine itself will not force the water forward with anything 
like that velocity at which it must be worked. The engine will 
accumulate power comparatively slowly, and the propulsion-re- 
ceivers, throw it forward at a great velocity ; and this, for reasons 
already given, when referring to the action of two great laws in 
hydrostatics. The object in view, in the last named receiver, 
which wouhl here stand immediately in front of the engine, may 
however, be obtained conveniently enough in the air vessel, 
through the agency of which, I have mentioned the er 
preserve a constant stream of water flowing up the recei' 
pipes; this I now propose, shall act also as a propulsion 
This receiver and iur-vessel conjoined, therefotc, ioA t 
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When a propulsion-receiver haa delivered ita charge, tb' , ^ 
abundant pressure of the air within it, will he equal f .articu- 
of five atmospheres ; ttiat is the most favourable ^^^q water 
present work of re-charging : hut let us go to ' ^ receivers 

able, and suppose the same receiver is taking ' „„,,, ^^^^ „ 
has received very nearly its whole charge jy p^i^t requir- 

an air-spring, opposing the ingress of ., double work- 

pressure of six atmospheres. If ther _ j^,;,, „, ,jj ,;,„, 

same pressure available al the firs' „ j, ^„„ |,e equal to the 
that of the steam engine or verti- ^^^1 of the engine, be nnder 
be) would be exactly counterl- ,,eral80,itmu.tbemadeofeitra 
pressure, namely, that m the ^, ,,,, f^n „di„„y thickness for 
would consequently stop. ^ „f ,„ i„|, . f„ a,e water ftom the 
available power of 64 a-^ -^ ^^^^, ^ ,„, „; ,^t „, ,1,„^_ 
power stations, will «y^ ^,^^^ ;„ „^,^|,^ j^^^^^ ,^i, ^^ 

■ .(sd into the other propulsion-receivere, 
''\^e, we are at present coneiiieriiig, will only 
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, - y-.^ tbe water forward, up the two branches of 
/ '■' ,s l''^* ^^ suppose in connection with it, at the 
,-'^^r minute — that being the average steam en- 
.. :i [iropulsion-pipe contains 210 cylindrical feet 
, ;!n' area of the feed-pipe is only ^ of that of A 
.„.. rliii content of 210 feet of water will, in the' 
'j^ extended over three times that length, or 630 feet; 
, ■' - ibe length of the column of water of the reduced area, 
.- ' .-y efigi'"^ must throw into each of the receivers — charge 
,,ilr of them together, on account of the diminished area 
horizontal column — to constitute a full charge for eacb 
■ '^1 of propulsion-pipe. Now, the lifting or forcing forward 
jUV thing, which is a load for an engine, over a distance 
—0 ^et, is very nearly three minutes average work for such 
le, and the two columns of water, which the engine has to- 
up the feed-pipes, right and left of it, constitute such a- 
Hence, if the retardation of the water in the feed- 
was so far overcome, by tbe prepon deration of the colun 
!& water, or an equivalent load, in favour of the engine, as to 
-illow of the liquid being passed up these pipes at a much higher 
■f the engine could not, under the explained conditions, 
lA it. It would, however, be very AVSetent -wVetv 
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charged from a vertical column of water ; for that 

■<ble of almost any speed which the retardation 

and wherever such a column can be found, 

ivers, which are least removed from the first 

''e charged accordingly, much more quickly 

\ji engine, certainly, might be adjusted to 

Jint arrangement ; but the better method 

j«ase the speed of the water, but the size of 

^.-iliat is, if this were ever required ; in either 

a proportionably increased engine power would 

', as I have stated that the engine must take as its load a 
.ouble column of water, of seven inches in diameter, and force 
it up the two branches of the feed-pipe, it follows, as a steam 
engine can lift or push its load 660 feet in three minutes, 
that, appointing the engine in question to charge a pair of pro- 
pulsion-receivers — being equidistant from it, on the right and 
left hand — with G30 longitudinal feet of such double column of 
water, would constitute a short three minutes work for the en- 
gine; provided its free action, at that speed, were not affected 
by any retardation in the pipes. Thus— bearing this process in 
mind — the engine, having to charge one propulsion-receiver 
standing directly in front of it, and nine pairs on each side of it, 
will be able to accomplish this series of work within thirty 
minutes. But this apparent result must be qualified in the fol- 
lowing manner : first, the single receiver, taking, through a pipe 
of proper bore, the whole water, from the engine till its own 
charge is complete, will be charged in half the time that a pair 
would require, that is, in 1^ minutes^or something less, if we 
took the power of the machine at its full average working rate — 
next the six pairs, nearest the engine will be charged in the time 
juat stated as due to the work (6 + 3 = 18) for the retardation 
due water travelling up to a pipe of seven inches bore, at the 
very low velocity of 220 feet per minute, is too small to retard 
the work within that length of pipe, which will reach to the sixth 
pjur of receivers — each of which will be placed at a distance of 
1,320 yards from the engine ; — then, the seventh pair — 220 
yards further removed — will be charged in three minutes and 17 
seconda ; the eighth pair — 220 ya ' -'«». 

anrl 30 seconds : and lastly, by ti «^ 
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I ^(lost ' " 'J,^^ being required about once in forty minute 

■ iirup"''"'"' L Vhly P"'''^^'^ that a 50 horse engine might drii 

m it upP**'* ,n extended length of railway, once every half hou 

M »"*''''n*rc occasion. The nature of the propulsive agei 

m ;f ''"""^^at regularity as regards time, and the momentum i 

m ''''*'"**.''oo»erful columns of water, both in the propulsion an 

M t*"^ ^^w^ apv^^ ^^^y likely to cause all the work to be accon 

■ "j flt fl """^ ^'^^'^ ™*^ ''''^" ^ have, in this pamphlet, si 

M ^ nJ i" ""y '^^'^"'^'*°°^' ^** being due to it. Should an 

V mou^ amount of power, in considering future prospects, \ 

■ T oeht desirable for any of the greater lines, feed-pipes of B 

■ • hes dianiet" might be charged, for the length of line I hai 
I rtsidored fls under the action of each first power station, in I 
I '^ 'nwCftv; or '^^ length of line acted upon by each power statioi 
I inifflit be extended to three miles, when such feed-pipes would tal 
I 22 WM'K'** *° charge them ; but pipes of this diameter would requi; 

g power equal to, from 70 to "5 horse, to work them with full effec 

Before I dismiss this subject of spee dy in its various proportion 

I may here be allowed to.-p"«d«'i* «^ jresent speed in tl 

i tocomotiv h the antidpatioi 
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first edition of the work, in 1825, lie mentioned that 40 ions 
conveyed six miles an hour, was then the performance of the best 
locomotives; and he adds, "in 1829, according to the table 
^veo by Messrs, Walker and Rastrick, they fixed 48^ tons, 
conveyed ten miies an hour, as the highest performance the 
directors of the Liverpool Railway could expect for their en- 
dues V'^TTiird edition, p. 547. 

The length of railway over which Iff propulsion-receivers will 
drive the trains, is very easily estimated. Calculating from the 
centre one, there will be nine receivers on each side of it, 
with an interval between each of ^ of a mile; and a like 
interval will be found between the last receiver of one first 
power station, and the last one of the next ; (nee drawing) ; 
fhus these 19 receivers will propel the trains over two milen 
and three-eights of the railway : and (his not over one, but 
over both lines of rails ; for with the exception of the propuUion 
and skeleton piping, and a few valves, &c. for the second line of 
rails, it will not occasion much more expense to establish this 
system of hj'draulic propulsion on a double railway — one of the 
ordinary arrangement — than on a single one ; which with a large 
traffic would be most inconvenient, if not absolutely impracti- 
cable. The same driving force at the firKt power wtattons, and 
the same propulsion-receivers and feed-pipes, with tlieir valvef, 
would do a very large amount of work on a double lin^r, as well, 
and in ^t with more ^ality, than on a single one; and, lui tu- 
spects propulsive effort, 2g miles of double line, are equal to 4| 
of single line. 

I believe I have not yet nentianed the nif^bt-wurk, trblcfa 
usually implies the paa«a§;e of the loffgage tr^iM. Uiubir tb« 
pres«]t system, tbew travel, front nwdvcft ofeeoaomy, at a nuivh 
slower speed tlian tlie pas Bc nger train*. Mr. Wood, la bit work, 
estimates that a ktcoraotire aifpoe wbich, at 20 milM an hour, 
can drag 98^ tooa, at 30 milea mi boar, will only druw '/7 Uim ! 
With hydraulic pfopoisioa, (here would Im> no occuiotr for i]m 
gnat loss both of i^ieed and liim*. From my eutimatt^ (tf tluf 
doiation of a railway day, it will apjjMir iImtc art- t-igbt liuur* 
left for ntgbt : and within ibtt interval, i'iiuifji^t Iftun* at Intat 
B^^ lie eoDrenientiy puMed ovei aKuWitif , \ wn \m«.x<«>u«v 
Sae that ban to affvrd MmveyftncK iut \W» www\^ » 'A \»« 
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luggage trains nightly ; there are, however, occasionally night 
mail trains ; and these might take their share of propulsion 
among the rest. 

It will be perceived, that in the latter pages of this little work, 
I have viewed the drawing power for the system, nearly as if the 
steam engine was the only source irom which I could derive a 
first motion. This I have done for two reasons: first, it haa 
been objected against hydraulic propulsion, that vertical heada 
of waterof requisite altitude, will seldom be available. As regards 
many lines — or a considerable portion of them — I admit this 
objection in its full force ; and as regards others, I admit it with 
two qualifications ; the first is, that wherever railways now 
formed, pass under the spurs of hills, or through them by tun- 
nels, there will be occasional opportunities, more or less frequent, 
according to circumstances, of taking advantage of good power- 
ful heads of water, of at least 6^ atmospheres, hydraulic altitude, 
— 214 feet — and when they can be found, economy dictates their 
useful application ; and that they will occur more frequently 
than might at first be imagined, appears probable enough, when 
we bear in mind, that those lower elevations, near which, railways 
occasionally pass, are frequently the abutments of higher hills ; and 
without going a quarter of the distance, that water-works Com- 
panies sometimes fetch their water, when offered them under such 
inducements ; and by the aid of supply receptacles, extremely 
small when compared with their dams, I cannot but think 
the quantity of power economically to be derived from such 
sources, will be very far from contemptible. My second quali- 
fication to the objection, is stronger still. It applies to lines 
that may be formed with a view to availing themselves of 
hydraulic power. These will naturally seek the vallies among 
the hills and mountains, and court the contiguity of high 
grounds, which elevations must often furnish abundant hydrau* 
lie power, to overcome with ease the undulation of the coun- 
try, and to drive a large traffic at a very trifling cost indeed. 
I hardly need say, that there can be no binding necessity for the 
first power stations being distant from each other exactly S^ 
miles. Good falls of water would at any time, to a certain ex- 
tent, influence their locality, and whenever one presented itself, 
inv whore between two and three miles from the last station, 
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would be fixed upon as the spot for the next. But whatever 
advantages may ultimately accrue to the systeni from Buch 
sources, the whole tenor of this pamphlet, I trust has made it 
apparent, that I do not consider hydraulic propulsion should look 
for that success which I think it deserves, mainly for the frequent 
tud of natural vertical heads of water ; and this, particularly in 
the case of railways already formed. I think I have already 
shown, it has very great power independent of such aid ; and it 
will remain for me, in the same circumstances, to prove its great 
economy. 

I must now explain the second reason, for which I have lat- 
terly viewed the steam engine, as nearly the only first agent for 
charging the propulsion-receivers. It is this ; the steam engine 
has become throughout the country so perfectly the popular re- 
presentative of power, that when a working force has to be esti- 
mated, it is most conveniently done through the medium of this 
deservedly popular machine. But then it should, at the same 
dme, never be forgotten that there are many other machines. 
Water wheels, Barker's mills, and those powerl'ul water macliines 
of the steam engine construction, as respects cylinder and valves, 
which bear the name of hydraulic engines, might all occasionally 
be brought in to aid the working out of this system, with power- 
ful effect, and with a view to its most economical arrangement. 
A low fall of water, if of sufficient volume, wilt drive almost any 
hydraulic machine, so as to do the work of a steam engine, with- 
out the cost in fuel. To such an extent might this principle be 
sometimes carried on railways, as to cause one stream of water 
to do, in a manner double work. Thus, a stream conducted 
down from the head of a deep cutting, might first work a water- 
wheel, for instance, on the level of the railway ; and, afterwards, 
the same stream of water might be conducted some distance, in 
a proper channel, along one side of the line, till brought to the 
top of a high embankment, down which it might be thrown upon 
a wheel beneath with considerable effect. The power from tb" 
water wheel, would, with much ease, be brought up again to 
level of the railway, to be there applied upon a contiguous I 
power station : hence, many advantages may be experte'' 
accrue to tbia system, which will not show t\vfcTRs«\v«i 
of the calculations. 



r" 


^^■1 


R 




1 Ibarr^x 


-_; 






fini 11.. 




U*n > 




ol <na<. T ' 


^^^^.^■M lit the drawing ; 


many ili. 




, algi-cti..n 


...I MM H-*-'- to add a 


fc Wl"-'' 


.,^^^^^i« itf l^veii there. 


■aei'' 




P«iw«- 


_ .fl^^MA L'oue, being iiar- 


[^ wasftdini; ■ 


mmOi the continuous 


ful h(-n.i. 1 


A Mt of thia cieft to 


_2H i.-i-i- . 


- X *e propulsion-pipe 


1 USlsflll ;i|', ' 


. ^M, is drawn off : at 


, than mi.; 


- 9«at, may occasion- 


we bear ,. 


al^ out by its own 


occasiriii.:!: 


.^^ aai lias again beeti 


' without ^ 


s a/ranged for the sa- 


ponies <-<.'i„: 


- is3 instance, the coii- 


inducemi'mn : r;'! 


.ui of the pipe, as the 


small when ovi' 


.^; ijf water, its guide- 


the quantity iil i ■ 


-:-.iii, takes it up, and 


sources, will lif i 


^ -*sie*, up the inclined 


licatioD to thi- f'-T 


.. >. ia a manner through 


^ that may be loni. 


1 jself carried through 


^ hitlraulic power. ! 


X train to it for the pur^ 


— the hills and im"" 


* musing the plate to 


^^grounda, which eh'v„i 
^jjbc power, to oreiroui' 
^^^ly. and to drive a UiTf;- 


*^with the guide-neck. 


- the continuous valve. 


^ ur higheat part of the 


^ hirdly n«ed say, that ' ' 


- xfore the piston itself 


^^nt pimri stsliiH» beii 

*j|Hil Good &U8 of «; 


ichich it is driven for- 


,>ii ii5 under surface, 1 


•^ _^ iiU}u«*n£e iheir localu 


.^^^^^^^l^^fc^t ; and 




^^■■l^^^^bsh «a& 



THE UYDRAL'LIC RAILWAY. 65 

Mjuare inch there ciin he no doubt whatever that the pipe 
will be then perfectly water-tight ; that, in fact, for the time 
being, it will be most effectually corked. Now, on account of 
this wedging of the valve, it is possible it may occasionally not 
fell down into the bottom of the pipe, as I have anticipated, 
even though the formation of the cleft is such, as to make it 
appear difficult for it to retain the valve, when a pressure under- 
neath no longer exists. But, supposing this to take place, the 
machinery is also arranged to meet the contingency. The ar- 
rangement is moat simple ; it consists of two small pulley wheels, 
attached to the driving truck, and placed one before the other, a 
little in front of the power-connecting- plate, in such a manner 
as first to loosen the valve in the cleft, and then to put it down ; 
when it will be in a most convenient position for sliding along 
the upper part of the guide-neck, and so taking its place in the 
cleft again above the piston. 

The materials of which this continuous valve should be com- 
posed, add the manner of its formation, must be explained : and 
first of its formation : let it be done thus ; form a mould, say of 
clay or plaster of Paris, whose transverse area shall be the same 
as that of the valve, to be constructed ; and within this mould, 
before it is completed, stretch well apart, a series of small strands 
»f wire rope, or strong single wires, longitudinally ; then, trans- 
versely, fully half fill it in a systematic manner, with short and 
mgderately thin bits of very hard wood or whalebone, of the 
«ame length as its transverse section, in the diflFerent parts of it, 
where the wood is placed. When all this is well arranged, the 
maierial for filling up the insterstices, only remains to be 
pointed out and applied; this is caoutchouc or India rubber; 
which in a liquid state, must be poured in, to fili the mould. 
Jt will now, therefore, be evident that the intention is to cast 
the continuous flexible valve in a mould. When dry, the valve 
In made and ready for use. The wire strands will prevent the 
L'otitJouous valve from stretching longitudinally ; and the h 
I'ood or whalebone, will prevent it from contracting tiai" 
m any inconvenient degree, when subjected to tb^ 
which it will be required to sustain. B 

miiJ be observed, that a stout wire \a TOsAtXa 
►"«/■ skeleton~pipe, just the same a* xV,% ow 
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fioe59. throng one of the propulson^-pipes ; m fiet, the valve 
and rope, being^ always linked togedi^, keep up one vnlvokeii 
Kne. Thifi is merely to pres^re the eooneedcm between one 
leedon of eondnooiis valve and anotho^. The wire rope will 
eomequentiy paM over the gnkie-nei^ and {msIoo, as the train 
gnen hj, in tiie some manner, bat more looedy, than the con- 
tinuous valve itself does. The whole of tfas aj^Muratiis will re- 
quire, before b^ng^ pat intoose, to be aobjeeted to a great ten- 
mn, to prevent after-stretehing. It will th^i waA with great 
tmtli, as diere will be seldom^ where mcxe than about seventy 
yards of the condnnoos valve, or 150 of the wire-4t>pe^ exposed 
at once to any draft or palling &om the travelling {»ston — small, 
tfaoogfa it will be — for each I^igth of the continnoos valve, 
when fixed in the cleft, by the wat» pressore onder it, will be 
quite immoveable, and will constitote a strong holding power, 
which will not be wholly relaxed, till some time after the tra- 
velling piston has passed over the adjoining section of skeleton, 
and entered the next of propolaon-piping. The power-con- 
nection-plate should be two feet in breadth, and ^ or one inch in 
thickness, which will leave neaily an inch play in the cleft, on 
eadk side of it. These proportions will combine great strength, 
without any inconvenient d^^ree of thickness. 

There is a peculiarity in the fonnation of the piston, which 
nearly obviates the whole of the friction, that might very natu- 
rally be supposed to be due to such an apparatus, when travel- 
ling within a confined space, at a speed of nearly thirty miles an 
hour. The piston must, of course, be formed of the best 
wrought-iron. This will allow of its being made with a view 
(comparatively) to lightness, particularly in the feather extending 
below, on each side of its guide-neck, without sacrificing that re- 
quisite degree of strength, which should distinguish the apparatus. 

Now, no part of this iron piston ever touches the propulsion 
or skeleton pipes, up which it moves ; some rings of leadier, or 
India rubber, which are fastened down to it on one side and 
quite loose on the other, only coming in contact with the sides 
of the propulsion-pipe. The piston is supported vertically be- 
hind, by one pulley or friction wheel, and before, by a pair-~ 
between which the continuous valv^ faeywtical 

line, it is evident tht h0t» 
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Ibe quick, or tardy opening of the communication, and the 6top* 
valves will be reversed. The seat of the coinmunicatioo valve, 
if inclined at all, will then be in the other direction, and its 
projecting leaf, which is to assist in throwing the valve up, will 
be made lighter, so that the mere pressure of the horizontal 
column of water of one foot in height — when the great vertical 
supply or pressure has been cut off — shall hold the valve to itsseat 
for a short interval, while the stop valve, with (in that case) a 
greater gravitating power in it, shall be thrown open, and the 
water, be proceeding to discharge itself at that end of the pipe. 
This dischtirged water will frequently be allowetl to run to 
waste ; but where the supply is not superabundant, and where 
a steam engine, or other machinery, is fixed at a first power sta^ 
tioQ, it will be occasionally run back thither, either through the 
drains already formed on the railways, to keep them dry, or 
through other short ones, to be added for this express purpose. 

The globe valves of the air-vessels will be also found to be 
self-acting ; and will dic;charge the water, shot up into these ves- 
sels from the propulsion-pipes, very gently into any channels 
that may be arranged for conducting it away. The two valves, 
connected with each of the propulsion-receivers, will be found 
to be also of the same character j being self-acting, through tlie 
same simple medium, namely that of the floating globe ; and 
they are arranged with a stirrup, in order to open and close 
quickly ; that is, towards the end of every up or down move of 
the floating globe on its lever, as it rises and falls with the water. 
Thb will be found to be desirable for the proper working of the 
engine, whenever that machine constitutes the first acting power. 

I may here mention, that the man-holes in the air-vessels luid 
propulsion-receivers, which, in the drawing, are represented at 
opening outwardly, should in practice open inwardly, to render 
the air-pressure in those vessels available, towards the purfcvt 
closing of these man-holes. 

The air-valve in the propnlsion-pipe, will be only required in 
ease it is found the continuous flexible valve does nut iilwuyB fall 
to the bottom of the driving-pipe, when the water lit drawn off> 
In that case, this valve, will permit the free dischargi- of the | 
which otherwise would, as the pisloH ai\vai\tfti,\wwiv 
pressed in the pipe — from its being then e\o%eA\\\^\w\\.^N(^ 
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flexible valve — until it might, eventually, even stop the triuii. 
But whether this valve will be found in practice, to be requisite 
or not, its pulley and leverage will be always required ; as they 
also act, through the long connecting rod, which is exhibited as 
broken off, in the drawing, as reversing machinery for the com- 
munication valve. The leverage of this air-valve takes, through 
its pulley, a rise of eight inches, which it derives from the in- 
clined plane on the driving truck ; and it conveys this move- 
ment forward^multipUed by the relative proportions of the two 
arms of its bell-crank — to the communication valve, which — by 
its action being reversed— it closes with a fall of 14 inches. 

The stop-valve, at the further end of a propulsion section, 
to arrest the progress of the water up that pipe, and turn it into 
the air-vessel, is to be closed, as it will be observed, by a traddle. 
This traddle is worked by the fi-ont pair of pulley- wheels, car- 
rying the travelling piston ; it has a shallow bed or recess in the 
bottom of the skeleton piping, wheie it is placed, and into which 
it falls, when the pair of pulleys throw it down ; and, in doing 
this, throw up the stop-valve. The length of this traddle is 
three feet six inches ; its fall is seven inches, and the lift, car- 
ried through the leverage of its bell-cranks upon the stop-valve, 
is 1 4 inches ; being the full rise of that valve. The traddle will 
require its seat placing at such a distance in the skeleton, from 
the stop-valve, as may allow of the piston having wholly passed 
through, before this traddle begins to act. It has been before 
explained, that the stop-valve will, by its own gravity, fall, and 
thus again open the end of the propulsion-pipe — which it is only 
required to hold closed, while the propulsion-current is rushing 
up and exhausting itself in the air-vessel — as soon as the tide is 
turned, as 1 must beg leave to express it, and the water is draw- 
ing otf. Now, while I feel the conviction strongly, that the 
machinery of this valve and the arrangement of its gravity, are 
good, and fully trustworthy for general purposes ; yet I must 
admit, this valve does not possess that unerring certainty of ac- 
tion, which, I feel assured, attaches to the machinery of the 
interception v'""; I admit too, tliat all railway machinery 
should be luman foresight can make it so — quite un- 

'inery of th\a stop va\ve Vo >lW\ tW- 
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racter, 1 propose to add to it an additional lever, soiefy to ^oaM 
agunst the possibility of the valve sticking to iis seat, when die 
pressure of the water against it is withdrawn, and of its not fall- 
ing by its own gravity, as it then ought to do. The lever and 
stimip, which are to accomplish this, will move backward and 
forward in the space between the air and stop valves, as the 
machinery to which they are connected, guides them, and neither 
doing good nor harm, unless the very remote possibility, on 
which we are now calculating, of the stop- valve having adhered 
to its seat, should actually take place, when this leverage will 
certainly, throw it down, and open the orifice, or area, of the 
propulsion-pipe, which it closes. I have not arranged this lever 
for exhibiting any great degree of strength ; for a very slight 
force would manifestly throw the stop-valve down, if it ever 
stuck : for the same reason I have consented to place the lever 
rather obliquely, with reference to its line of work, one of its 
arms reaching under the skeleton pipe, and the other, the out- 
ade of the rail, in the same line with that of the bell-crank 
lever of the air-valve. If either the proportion of strength 
assigned to this lever, or its relative position, is objected to, 
nothing can be clearer than that a tittle more metal can be 
worked up in it ; or that, by lengthening its axis till it assume 
the shape outwardly of a thick short pipe, and by separating its 
two arms — so that one shall be attached to each end of that axis 
— any degree of strength, and strict engineering accuracy of ar- 
rangement, can be given to this precautionary machinery ; the 
difference being only, that it will occasion a little extra cost, but 
not much ; and, probably, without occasion. 

The mode of passing a train from one r^way to another, 
at the junctions, and from one line of rails to another, at the 
crossings, will require a little explanation ; and it will be the 
more easily given, as the same principle is in operation on both 
occasions. 

Tlie skeleton piping will afford to the hydraulic system great 
&cilities at such places, which will always require to be passed 
over on a section of thai description, where the propulsive water 
never comes ; and the laying down and ^to^OTVujvOTi^ "^t -^ji^- 
pal^oa and skeleton piping, on a Tai\wa^ — ^"^ swvsii. ^Scoswa 
to, or snbtmclions from, the respective \en^\i% -wVxAv asi.'i T 
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rope a little nearer together, whicli would looseit at the junction ; 
and who then would be enabled, nlth much facility, to detach the 
hook from the loop. Now, instead of one such hook, let us sup* 
1 there are two attached to the loop ; that is, the one wc Iiav« 
already supposed as belonging to the straight line of raiU, and 
another, which we must now imagine as terminating the end of 
the wire rope, belonging to the skeleton pipe of the orosaing, and 
here joining that which we have been previously considering. 
The man here in charge of the line, would merely have to detach 
the loop ot that part of the rope, which belonged to that branch 
of the line, for which he was about to set the switches for th« 
train not to run on, and Iiis work would be done — or rather, 
nearly done ; for the detached portion of the rope would requir« 
to be kept in a sufficient, moderate state of tentiun, for the oon- 
renience of afterwards attaching it again. This would be im- 
mediately accomplished, by aflixing it to one end of n moveahlft 
stout double hook or S, the other end of which, would be tem- 
porarily held in any proper opening, cut into the skeleton-pipe 
for that purpose : or a moveable bracket might be easily con- 
trived to answer the same purpose as this double hook. 

In the previous remarks, on joining the wire ropes, it must bu 
clearly understood, that, the loop and hook mast not be too large 
together, to pass with the greatest ease, through the small arch- 
way, rising out of the guide-neck of the travelling piston. As 
iron is the only material to be used, which combines great tenacity 
with smallness in bulk, this will be arranged without any 
difficulty. 

There is one point, at which the nice adJuBting of the wire 

rope, between tension and laxity, may require praclaeal experience 

for its perfect arrangement ; and that is, at the short slidings and 

crossings which are frequently to be met witb, at the stations^ 

particularly the larger ones. The rope in such cases, wiU not 

lie stretched along the middle of the skeleton pipe, as it ought 

to do, ft>r its being taken up witb perfect facility, by the guide- 

neck of the piston ; on the contrary, it will lie along the bottom, 

tRcUned a trifle from the centre, and bending a little towards diat 

* of the pipe, next the inside of the curve. But, as at all 

»p speed is k)w, there will be little or no dilficu' ' 

It will be only necessary, as above inlina 
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tae rope to che cireimutaiices of the case. E^ising it 
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the severity of the water. Thus, when the driving-wheels of a 
locomotive engine cannot bite the rail, and whirl round, with 
the greatest rapidity, without advancing, the hydraulic system 
— assisted, instead of being retarded, by the hard ice on the 
rails, which will give a finer surface — ^will, with brine in its pipes, 
be enabled to preserve as much regularity in the time of the 
arrival of its trains and mails, as during the finest weather. 
In short, the hydraulic system is not likely to know anything of 
the seasons ; it will not be affected in its operations by them. 



CHAPTER VIII. 



It is time I hastened to draw this pamphlet towards its con- 
dusioD. I think I have said enough, not only to demonstrate the 
practicability of hydraulic propulsion on railways, but also, to 
show that its applicadon on them would be attended with a great 
encrease of driving power; and now, when I have made an 
estimate of the first cost of establishing this system of propulsion 
on a railway, and also of the annual cost of working it after- 
wards, my undertaking will be nearly completed. I think I 
shall then have done my duty to the public. Beyond a certain 
extent, the public cannot expect even a patentee to go ; and, in 
justice, they ought not ; for if an invention — ^particularly, if of 
magnitude — becomes successful, it is not to the patentee, but to 
the public usually, that the lion's share of the advantage fidls. 

I have, in a previous part of the pamphlet, proposed, that 
each first-power-station shall work both lines of railsj over an 
extent of railway, two miles and three-eighths in length. I have 
also proposed to use steam wherever water power is not to be 
found ; and, I have intimated that on many lines, I diould find 
it necessary, frequently to have recourse to steam. I shall now, 
under these conditions, proceed with my calculation of the first 
cost of laying down, on 2| miles of railway, the whole of the 
hydraulic machinery, necessary (or working that distance. I 
shall also, to be on the safe ^de, assume that such part of any 
given railway, must be worked by a steam ^igine. Wherever a 
locality occurred, whidi was favourable for a supply <tf water, 
the difference between the expense of a steam oigine, and that 
of the piping to bring down the vertical column of water, or of 
hydraulic machinerv, if the head of water had not an elevation 
of 214 feet, would be easily estimated: and that, accoiding to 
the cirvHuii$taiKN^ of eadi partknilar case* In Eke manner, 
nothing will be BKm siwplew if it should be dbsiredL tkan to 
ascenain the first c\>st ^'aav pait^f ^ 
in the foUowix^ cakuhiHws 1^ 
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Culculatioii of the first cost of establishipg: liytlraulic propul- 
sion over 2| miles of railway. 

Steam Engine, of Cornish construction of 60 horae 

power, with boilers complete, at £23 per horse £1150 

Engine bouse, with foundations and chimney, complete 390 

Propulsion-pi pi nfr, for 38 sections, of 70 yards each 
(including both lines of rails) of twelve-inch bore, 
and one inch in thickness, with i^irths and holdfasts 
placed every four feet ! say gross weight per yard 
4 cwt. 2 qrs. 20 lbs., at Ts. per cwt. ; then 38 x 70 
X 4.2,20 X 7s. = 4352 5 

Branch-connecting pipes from tirst-power-stations and 
propulsion-receivers for the above; say average, for 
both lines of rails, ^ the first cost of the above G22 

Skeleton -pi ping (half-piping, with longitudinal openings 
along its sides) for38 sections of 150 yards each, for the 
pulley wheels of the truvelling piston to run upon ; 
say I in thickness, and of gross weight of 1 cwt. 
2 qrs. Iba. par yard, complete ; then 38 x 50 x 1- 
2.0 X 7s. = - 2^92 10 

Propulsion -receivers feed-pipes of seven inches bore, 
and ^ inches in thickness, for 2^ miles (3,960 yards) 
^ of a mile in each first power division of a railway 
(i. e. the space between one division and another) 
not requiring this piping. This piping complete 
will weight 1 cwt. 2 qrs. 17 lbs. per yard ; then 
3960 X 1-2.17 X 7s. = 2289 7 6 

Two travelling pistons with guide-necks, of the best 
wrought iron, together, Scwt.Oqrs. 01bs.at£3. 10s. 
per cwt 28 

Two pairs of springs, with power-connection-plates 
and iron straps or shaekles, for connecting the 
above named pistons with driving trucks. (N.B. 
Driving trucks are not charged in this estimate, as 
they carry loads, the same as other trucks) -50 

Two Travelling inclines, for two driving trucks, with 
stays to slot and levers, weight of each complete, 
2 cwt. 2 qrs. lb., say 5 cwt. qrs. 01b., at £2. 10s. 
percwt 12 10 

Two piston valves, with motion rods 16 

Valve machinery for thirty-eight sections of propul- 
sion-pipe i say for each sectioUi machinery £46., 
and fourvalves and boxes £24„ therefore 70x38 ... 2660 

Continuous flexible valve for each section of propulsion- 
pipe, £10. lOs.i and wire rope for each seclion of 
skeleton £'2. 10., therefore 10 10-|-2 10x38 494 

Jointing and fixing pipes, and putting down machinery 

per mile, £240 ; therefore, for 2f miles 570 

Carried forward £\t.J>'^ Vt 
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I Brought forward ^£15,586 12 

I Allow for bolts, and sundries in general, per mile £200 ; 

I therefore, 2 1 miles 475 

■ Propulsion ruceivers, weighing three tons each, say, 

with flnatiiig globe, &c., £60 each, therefore, 19 x 60 1 140 
L Air vessels, abuut 9 cwt each, aay, with branch pipes to 
theiu, and floating globes, &c^ ^25. each. Now 
tliere will be one of these required for every sectioa 
of propulsion pipes, on each line of rails ; and not, as 
in the case of the propulsion receivers, one, to feed 
two sections, that is, to work both lines of rails ; there- 
fore 38 X 25 930 



Kxpunse of establishing Hydraulic Propulsion, on a 

Railway, '4 miles, in length, for both lines of Rail8^1S,151 1 



Hence the gross first cost for one mile of railway may 

be taken nt 7642 

But IVom thU gross tirst-cost, deduct the value of the 
vKlves, nnd air vessels, and the difference between the 
value of the propulsion pipe, and continuous valve, 
and that of the skeleton pipe and wire rope, on so 
much of each line of railway, in every mile, as this 
alteration would apply to, from the inclines being J 
favourable, and the trains, with the aid of the i 
nieDtum in them, being able to descend without any | 
decrease in speeds — (N>B> Over such portions of the \ 
rails, llie skeleton piping and wire rope, only would [ 
be wanted.) — On itailways already establbhed, this 
detlncliun would not otXen be very large in amount. 
On Itnilwaya, to be established for Hydraulic pro- I 
ptilsiuu, it would be very coostderabtc, as the dls- 
tauue ti> wliieh it would apply, probably would fre* 
quently be etiual to one third of Uie cost of the whole / 
line. 

Deduct for dtminitbed weight of raib, in consequence 
of locomotive engines and tenders — which comprise i 
u immeusf load within a contracted length of rail — I 
being dispensed with, and the weight of the tnins , 
bring *PfB>d evenly over a sufficient length of the i 
Ud*. This will probably effect a saving of, from ^ 
X40(X. to ;6S00. per mite, as in the almospheric system. 
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jections; we will suppose tt should be saiA, hydraulic propulaiori 
could not succeed, for it could give no alarm ; it had no whittle ! 
Individuals of a mechanical turn of mind would immediately 
answer; surely this maybe remedied; it cannot comprise any 
insuperable objection. The fact is, 1 intended to have explained 
a little arrangement for giving an alarm, earlier in the pamphlet, 
but it escaped ray recollection, at the lime. However it is this. 
Run a small elastic strap over a pulley on the axle of the hind 
pair of wheels, and bring it up through an opening in the bottom 
of the truck, into the driver's compartment ; then pass it over a 
loose pulley, when not required to be in use, and move it on to 
an adjoining last one, when its assistance is required. Now let 
this fast pulley, by the aid of a small crank, work a small pair of 
bellows communicating with three or four tittle, high-toned, shrill 
organ-pipes or whistles ; to them, attach keys ; and the driver or 
guard will then be enabled to convey as many alarm notes and 
intimations along the line as could possibly be required. I am 
rather surprised the guards, seated on the tops of the coaches, on 
the locomotive system, have not something of this sort to convey 
their communications, and ordeis to the ilrivers on the engines. 

I mentioned in an early piirt of this treatise, that the circum- 
stances of the case, seemed to require that, before concluding 
this pamphlet, I should bring hydraulic propulsion into a state 
of lair comparison with ihe atmospheric railway, as the two 
systems were, by many indivi<iuals supposed to be analogous 
in character ;• and that whatever position one might stand in be- 
fore the public, would be equally that, due to the other. 1 will 
dispose of this subject in a few words: the atmospheric system 
proposes to work under half an atmo^here ; the hydraulic, un- 
der six atmospheres ; the atmospheric proposes to lay a driving- 
pipe along the whole section of the line, of, from 15 to 18 inches 
in diameter ; the hydraulic requires a pipe of 12 inches diameter 
over one-third of the whole line, aided by light additional skeleton 
and feed-pipes ; the first has to incur the heavy expense of boring 
the pipe ; the second has not : the first appears, from the power of 
the engine, which is to work the Dalky-ex tension of the Dublin 
and Kingstown Railways, to require fully four times the steam 
power of the second ; but thb should not be insisted upoDr 
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a sound knowlei%e of the principles ■ 
circumstancea atteading auch modoiU 
leisure to enter into such inqiurita, unl 
in a condensed form, with clear di; 
tion to practice. 

" A work of this nature haniig 
fessor Eytclwein, an abstract or sum 
by Dr. Thomas Young, with such i 
he considered would add to its vnlue to « 
mary was first published in the joumalai 
1802, and the importance of so camprehfiii 
bydrauUcB, being immediately connectefj 
mental papers, was so evident, t.lmt w 
lo republish it; and it was grunted im 

There is an important chapter, and onefl 
tract, with a very material extended nota Of 
formulae in which I take my data, i 
and proving the beneficial reaults to t 
propulsion as the driving agent on railway! 
"the motion of water in pipes," (chapter iM 
and satisfactory, for all practical purposes- 
think I shall be able to show, > 
that in Dr. Young's work of twenty-four c 
devoted to that important subjpct ; comprii 
leading principle, which governs the supplu 
which, very probably, abo contains within i 
other important purposes, without considerini 
affect and confirm to the principle of railway 1^ 
Young's tract, however, as intimated in the t^ 
respect, particularly when the working out of i 
scale, is in question ; indeed, if the work alluded to 
is in bestowing more attention to this subject, thai 
some other writings. But I shall have to recur 
think I shall be able to establish, at least a strong 
formulae or rule — on which on the present occaaic 
better data, I am ready to base the claim of my 
notice — wi// be deScieat in amount of resuit. 
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have again and agwn heard the assertion made ; and you may depend 
upoa it, that your patent would have had a fairer chance of being 
speedily adopted, had the pneumatic railway never been proposed." 



Note C, page 24. 



" Since falling bodiea are in this manner accelerated (i. e. as the odd 
numbers) it may seem difficult, perhaps to conceive how a perpendicnlar 
pipe fixed at the bottom of a vessel of water, should continue, during 
the efflux, always full ; which, strictly speaking, ought not to be so, on 
account of this acceleration, which ought to cause the water to run out 
of the pipe faster than it really could come in : whence it might be 
apprehended, that in time the pipe might be empty, before the water 
was all out of the vessel. To which we reply, that though all bodies 
are b}f grauiti/ accelerated in their fall, in the proportion of the odd 
numbers, already mentioned ; and must allow that if two heavy bodies 
A and B, be let fall one second after another, the first would get ahead 
of the other ; nor would they keep at an etjual distance during their 
descent. For, if at the end of one second after A is let go, B should 
be delivered, the first woidd be proceeding at the rate of 3, while the- 
other is getting on but at the rate of I . During the third second, A 
will be urged on with the force of o, while B can have obtained the 
celerity hut of 3. So that, if at the end of the first second, they were 
but a rod asunder, at the end of the second, they would be three rods 
apart, five at the end of tlie third, seven at the end of the fourth, and so 
forward, progressively. Yet it ought here to be considered, that the 
water in our perpendicular pipe, does not run into and out of it sacces- 
sively, and by starts, but evenly and continually. And though by the 
acceleration of falling bodies, their velocity does increase, on which 
account the water, in its progress through the pipe, if the resislanoe of 
the air, and every other impediment was away, might be allowed to be 
a small matter rarified ; yet as the particles of water contained i 
descending pillar set forward one atler another in spaces of tin 
finitely short, and, being tenacious, adhere pretty well 
^)pear, as to the sense, to make an even stream, and 
It is, therefore, impossible that, so long as ther 
/or a supply; such pi/ye fhoiM become w 



tion any more than a nicety," — The Motion of Fluids, by Mr. Clart, 
AJIf. and F.R.S; second edition, 1737. 

The above extract may possibly, to parties who have not attended to 
hydrostatics, cwnvey several ideas that will be new to them, the import- 
ance of which in the science, they will probably, now they are brought 
before their minds, be able, in some degree, to appreciate. Some of 
Clare's reatona, however, will, on a little reflection, probably appear not 
30 indisputable as his facts. 



Note D, page 2fi. 

"The author (Young, on Eytelwein) lias attempted to simplify this 
subject nearly in the same manner as that of the motion of rivers, and 
apparently with couaiderable success. He obser^'es, that the head of 
water may be divided into two ports, one of which is employed in pro- 
ducing velocity, the other in overcoming friction : that the height em- 
ployed in overcoming the friction must be as the length of the pipe 
directly, and also directly as the circumference of the section, or as the 
diameter of the pipe, and inversely as the content of the section, or as 
the square of the diameter ; that is, on the whole inversely as the dia- 
meter ; this height, too, must vary, like the friction, as the square of 
the velocity." 

(Here follow algebraical formuls, too long and comphcated for any 
but a professed mathematician to work out, even il' he would willingly 
encounter it practically ; but at the foot of the paragraph is a valuable 
note by Tredgold, from which I extract as follows) :— 

" From this equation some exceedingly useful practical rules may he 
derived. In its present shape it only shows the velocity of water flow- 
ing through pipes ; and is equivalent to the following rule: — 

" To determine the velocity of discharge of a pipe, when the height 
of the water in the reservoir above the point of discharge, and the 
length and diameter of the pipe arc given : 

"Rule. — Multiply 2,500 limes the diameter of the pipe, infaet, by 

*** *— V4( if, Jeel, and divide the product bif the length in feet, added 

i the diameter, then the tquare root of the quotiunt will be 

ofdinharge in feel per teconH. 
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" Example.— 
of the water in 
the lei^ith of the ^fO. 

very nearly, and the 
1-816 feet per second, 
water pipes, described 
edition), and the actual 
— TredgoWa TVacts 

This rule will be fotuid hi 
that is, the Telocity due to n i 
any length of Tertical piping 
of any estent of homontnl 
connected with any pillar of 
rule must be accepted ram- 
while, in the first, that part ' 
the product by the leiig:th i 
must be understood as giviiu 
only, there being iu this cnse 
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This anticipated, reduction in thf -' 
till it approaches the cube inversely . ' 
be satisfactorily aceounted for. I.'i 
when unaided by any material monK-uiii 
nnderstood, inversely as the square, Tlii-~ 
powerful momentum comes into fiUl play. ■ 
regard to accuracy, be left out of the aee^Mi 
default of suffident data, that it will possess n 
to the bulk when multiplied into thai velocity 
quoted, assumes as being due to a column ol' 
conditions: then, ih? advantHge gained by the i'' 
due to increased bores, being multiplied into the a'- 
wiS most probiibiy furnish a result very near tlw 
fie aqaarv will be rejected, and the eube ■ 
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FIGUHES IN THE DllAWINfiS. &c. 



OusEKvATtoNS. — Hj'draulic propulsion is iiileiidc'd lo derive ils 
power from the force of water under considerable pressure, in pipes. 
It is proposed to apply tliis pressure upon, or behind, a travelling piston 
in a pipe, and to carry the power so derived, hy a flat iron plate, rising 
«ut of the crown of the piston, through a longitudinal continuous cleft 
ill the pipe, and then to apply this power, when thus brought out of 
the pipe, upon a train upon a. railway ; — the continuous cleft to be 
filled up by the peculiar working adjustment of a continuous flexible 
valve, just as the piston passes; and so as to close and make tlie pipe 
trjiter- tight, which is behind it, and filled with water. The hydro- 
•ilAtic force of water in pipes, under adequate pressure, is very great ; 
and were there no retarding uifluencc to its fVee passage up pipes, its 
:;|i|ilicntion upon machinery would be remarkably simple. It happens, 
ln)'.vtier, that, at high speeds particularly, the friction or retardation 
.1 ihiF water increases, with the length of the pipe, very materially. 
' I i';ii-i-. it becomes necessary to keep each section of the " propulsion- 
'i-' '" of n moderate length, to adopt its final velocity as the driving 
■- •(>ir<1, tind td ran the trains, by the momentum or impetus, which has 
■^^> lliruif ti into them, from this source of power in the propulsion- 
t^- 'trialo distance further over a section of " skeleton -pipe," 
>: power being expended on, or rather being made to follow 
■'y, when they are full of driving force. This arrauge- 
I T it necessary for the water, under pressure, being con- 
Iiirlng the intervals between the passing of the trains 
ii-ititil pipe, to "propulsion-receivers" (or store-n I 

I ' ' power), to be \tlaced in yomVww* «u%i\\v\\\'jj'« I 

■i-(>l(.e {as Aey \\i\V oi:cw %V Te^'^w \\*.'«'»*a 
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the line,) from which the water may be uga.in discharged, as tlie trains go 
by, into those sections of pipe. Thus, this eystem of propulsion is 
founded on those laws of hydrostatics, wiiich give power over a limited 
extent, at a great velocity, and power over almost any extent, at a pro- 
portional slowness of speed : and it is from the mutual co-operation, or 
rather from the reciprocal action of these two laws, in the manner inti- 
mated, that railway hydraulic propulsion is enabled to promise that 
amount of beneficial result, which, in this pamphlet is claimed for it ; 
the authorities for which, are brought forward, and the necessary cal- 
culations given. 

FRoNTisriECE — It has been intimated to me, that, as the drawing 
shows nothing but the machinery of the system, it may, to some, convey 
the idea, that hydraulic propulsion appears to be replete with it. I 
have, therefore, thought it well to exhibit a portion of a railway, ninety- 
two yards in length, as it would appear to the eye, when a train was 
passing. This extent of line, I have obtained in the frontispiece, on 
a scale of i an inch to the j'ard, by showing it in two lengths, one 
below the other. This enables me to exhibit, first, a small portion of 
skeleton piping, then a " first power station," acting immediatclyfrom 
the pressure of a vertical column of water, brought down by piping, 
from high ground contiguous to the railway : afler that, this arrange- 
ment enables me, at the commencement of a section of propulsion-pipe, 
to show the first motion of the machinery, or, at least, so much of It as 
can appear to the eye ; the remainder of it, being equally diminutive, if 
thus brought into juxta-position with all the great objects about it j I 
can then exhibit a train of carriages, headed by the driving truck ; 
and I am enabled to complete the seventy yards of propulsion 
piping, by showing, the reversing machinery and air vessel in their 
proper, relative positions: after which, this railway sketch termi- 
nates with a few yards of the next section of skeleton pipe. Now, 
to assist in conveying, from this little frontispiece, a just idea of 
the proportions of the system, it is proper to state that, though only 
one line of rails is here exhibited in working order ; yet a large por- 
tion of the most important part of the system may be rendered common 
to both lines of rails, just as well as confining it to one only. Another 
r also should never be lost sight of; namely, that the machinery 
, in the frontispiece, is shown as working 32 yards of railway, 
' be all that would be required for two hundred and twenli/ 
■ the rest of that distance being skeleton pipe, with no working 
whalercr upon if. 



REFERENCES TO FIGURES AND I.ETTEns. &c. 



A A. — Skeleton pipe. 

B B B — Vertical column pipPj witli its curves, to fall into propul- 
sion-pipe. 

C. — .lunctinn of vertical column, and propnision-pipes. 

D D D. — Propulsion piping, one inch in thickness. 

E. — Water thrown into propulsion -pipe, beliind the travelling piston, 
by the partial lifting of the communication valve. 

F. — Communication valve. 

G. — Interception valve, closed against its seat, being thrown up by the 
first rush of propulsion water, through the junction C. It will I 
be held upon its seat till the pressure of the water is cnt of) 

H. — Air valve (Fig. 2) half-open, and only requisite when 1 1 a 
quired to act, 

.7,^ — Stop valve to arrest the progress of the water when the piston has 
passed forward, out of the propulsion-pipe. 

K. — Discharge spout, which will frequently require to be placed at 
the other end of the propulsion -pipe, where it joins tiie skeleton ; 
1. e. when the inclination of the piping is in that direction, and 
when the water must consequently be drawn off at that end, and 
close to the vertical column pipe. 

L L. — Travelling piston, with its guide-neck before it. 

M M M. — Pulley wheels to carry and direct the piston and guide- 
neclc. The first pulley, near the snout of the guide-neck, is fised 
vertically (there will be a second wheel on the same axis making 
a pair ; the continuous valve, passing along the space, between 
this pair.) The second pulley wheel is fixed horizontally, and the 
third, behind the piston, vertically, thus in every direction guiding 
it clear of the sides of the pipe. 

N. — Axle of the driving truck (Fig. 7.) 

O O Continuous flexible valve. 

P P. — Wire rope to keep up the connecAion aX^n^ ^d^ftXKB. '^vijNMj 
^liuuous valve iu dtivVM.Q 
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f. — Continuous cleft in propulsion -pipe to receive rontinuoim vnlve 

as travelling piston passes. 
t. — Iron arcli or passage through bottom of power-connection -plate, 

where it divides to admit continuous valve through (see in trans- 
verse section at Fig. G.) 
m m, — Rings of leather or Caoutchouc, nailed down to the piston, on 

one side of each ring, and forming its gilU. 
I. — Piston valve, used only to prevent accidents. 
19. — Piston valve rod. 
20. — Branched part of piston valve rod, to curry it round giiide-neck, 

and so upwards. 

21 Upright rod, being a continuation of 1!) and 20. 

22 — Head of the above and bar on vhich It slliles. 

23. — Connecting rod to the above. 

24. — Bell crank to convey action to the above. 

25. — Screw with its lever handle, to work the above ; that is, through 

the connecting rods, &C., to open the piaton valve, and to close 

it again. 
n n. — Incline or driving truck to throw up pulleys 12 and IS, as the 

truck passes. 
PPP' — B^i^ double forked lever, witii lu long axlii, to slot the inotlue 

back close to the truck, when the driver wliihcB to stop the train. 

This It will cause, by Its being thus placed out of reach iif the 

pulley, when the communication valve to throw water into iho 

propulsion -pipe will not be acted upon. 
rr. — Rod and handles, to work the above. 
taaa. — Wheels of driving truck. 
Ku — Strong springs carrying power connection-plate, and allowing a 

little play, in case of any unevennesn in the railn, 
t t. — Two pulleys or friction wheels to put continuous valve down, In 

case it ever sticks in continuous cleft, so as to enable it lo enter 

i freely. 
u> in. — Supports from driving truck for above pulleys. 
26. — Traddle to close stop-valve, acted upon by front pair of pulley 

wheels M of travelling piston L. 
27. — Bell crank, carrying the action of the traddle forward, by the 

aid of the small connecting rod between them. 
28. — Longer connecting rod between the two bell-cranks. 
29. — Second bell-crank to apply action of traddle upon stop valve. 
30. — Supports from the skeleton pipe, to the two bcll-cranku. 
J/, — ^op valve rod. 
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pcovwlMMA 

s. — Tk* akot* tMdL 
39L— OtiSn ft«Bi fN^/HltuMfftiff iHt\> <,\«WK-1tMi! p^M^ w> 

racoU of tlw water txtvi )w>>t>uUMU')iti>«a. 

■13, — .Air globe (•etf«(.-«iujf) lo lift umII tlin-^ixv v«lx«v 4^\ wlwH 
MSieivot uraior Imu paiM^) iutu iW iJiir svomI tu Ikutt ik>« K^tbwt 
Thm ««ivr. n> {tli>chitrs«<t, U tu bu ivtmi;^ »A' iu u )ir\>)kw ttrrtiKa 
for WW afftiu. or U> run ti> wuii>, m vix^muud iun,v Jk^MI*>. 

43. — DtselMrgf vaIvd HtH>v« niviiliwiml. 

44- — MaiuUtkK This nuiutKi' Kbti rvlW« lii ihti uiiiiihi4D lu Ihv |U:U' 
puUiou rec*iv*r. 

4& — Junction of roceivfrs IVt>it-)M|>t< U, imhI irf oiirvvtl tiniiioti W, w ilh 
wriioni (•olwmii \t\\n: 

46^Cbturs. 

47 Oho lint- of mil-. 

46. — Stet>|H>ra. 

49. — Blocks. 

50. — rioldfiuts lu boll tUnvii lu bluuk* ur ohniM. 

Fig. 3. — (Drawn to linlf acnle.) 

-ConnOCtiug pllio lO [IR>Jiul»iuU-|^)W(i, of ttVU»U».«>:\^'K(«K^I«««»'^ 

eurvw At U. Tlio other piping \« l\«» Vi^viw \» wv'^'MA.Nfil 
thv Ifttern nn it (heius l\»e «av«o &* w\ Ww o>V\w'« '*^«w**^' 
»i<o«-ii Hiiliout valves, &c.. \<\vv«a\i\«is.Ntt» \V« vwv-'NnIA* 



lli06 THE HYDRAULIC RAILWAY, 

S2. — Air globe on its lever or guide-arm ; to be of aufiicteut load to 
throw open valve 55, against a prepondecatiDg pressure. 

53. — Upright rod, down to valve at 55. 

64. — Stirrup, through which guide-arm of 53 moves, so as to establish 
action of valve only just before the full charge of propubion 
water is thrown from the receiver into the driving pipes, and so 
as to close the valve again quickly,Just as the receiver is replen- 
ished with another charge. 

55, — Feed valve between receiver and its feed-pipe U, opening down- 

56. — Connecting rod from -55 to 57. 

37. — Small interception valve and bos, to close when 55 is open, and 
to open when it is closed ; thus turning the water into this re- 
ceiver or allowing it to pass on to the nest, as required. 

58 {Figs. 1 & 7.) Partitions in driving truck, inside, to box off so 

much of the wheels as would be otherwise there e^tposed. 

.59 Guard's bos, in that division of the truck which is di vided off for 

him and the driver. 

60. — Seats for the guard and driver. 

Fig. 6. — (Drawn without any proportions, as already explained.) 

61. — Vertical column pipe. 

62. — Propulsion receivers. 

6,3. — Ditto piping, on one line of rails, to represent 70 yards on each 
curved line, 

64. — Skeleton piping, to represent 150 yards in each small dotted sec- 
tion shown of it. 

65. — Propulsion piping, representing (as at 63,) a section of 70 yards, 
in each branch, to reverse direction of driving power (as indi- 
cated at W in preceding figures) for (he other line of rails ; say, 
for that, not exhibited in this drawing. 

66. — The two lines of rails. 

6" — Propulsion receiver's feed pipe. 
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